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wherein: 

A is CH 2 , or a single bond, 

R, is selected from: R. OH, OR, C0 2 H, C0 2 R, COH, COR, S0 2 R, CN; 

R K R 7 and Ro are independently selected from H, R, OH, OR, halo, ammo, NHR, nrtro, Me 3 Sn, 
and R is sefected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn, where R » as defined above, or the 
compound" a^e with each monomer being tho same or different and being of formula fa or lb, where the H* 
°Zs o- 1 e monomers form together a bridge having ,he formu.a -X-R-X- linking the monomers , whe^R san 
LyLechainconla^ 

anL aromatic rings and may contain one or more carbon-carbon double or tnplebonds, and each X .s .ndepend 

ently selected from O, S : or N; 
except that in a compound of formula .a when A is a single bond, then R 2iS notCH=CH(CONH 2 )oreH=CH(CON M e 2 ). 
Other related compounds are also disclosed. 
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Description 



Background to the invention 

5 [0001 1 Some pyrrolobenzodiazepines (PBDs) have the ability to recognise and bond to specific sequences of DNA; 
the preferred sequence is PuGPu. The first PBD antitumor antibiotic, anthramycin, was discovered in 1965 (Leim- 
gruber et al, 1965 J. Am. Chem. Soc, 87, 5793-5795; Leimgruber et al, 1965 J. Am. Chem. Soc. t 87, 5791-5793). 
Since then a number of naturally occurring PBDs have been reported, and over 1 0 synthetic routes have been devel- 
oped to a variety of analogues (Thurston etal, 1 994 Chem. Rev. 1994, 433-465). Family members include abbeymycm 

10 (Hochlowski et al, 1987 J. Antibiotics, 40, 145-148), chicamycin (Konishi et al, 1984 J. Antibiotics, 37 : 200-206), DC- 
81 (Japanese Patent 58-1 80 487; Thurston et a/., 1 990, Chem. Brit, 26, 767-772; Bose et a!.. 1 992 Tetrahedron, 48, 
751-758) mazethramycin (Kuminoto et al, 1980 J. Antibiotics, 33, 665-667), neothramycins A and B (Takeuchi et al, 
1976 J. Antibiotics 29 93-96), porolhramycin (Tsunakawa et al, 1988 J. Antibiotics, 41, 1366-1373), prothracarcm 
(Shimizu et ai, 1 982 J. Antibiotics, 29, 2492-2503; Langley and Thurston, 1 987 J. Org. Chem., 52, 91 -97), sibanomicin 

15 (DC-102)(Hara et al, 1988 J. Antibiotics, 41 , 702*704; Itoh et al, 1988 J. Antibiotics, 41. 1281-1284), s.b.romycm 
(Leber era/.. 1988 J. Am. Chem. Soc., 110, 2992-2993) and tomamycin (Arima et at., 1972 J. Antibiotics, 25, 437-444). 
PBDs are of the general structure: 




They differ in the number, type and position of substituents, in both their aromatic A rings and pyrrolo C rings, and in 
so the degree ot saturation of the C ring. In the B-ring there is either an imine <N=C), a carbinolamine(NH-CH(OH)) or a 
carbinoiamine methyl ether (NH-CH(OMe)) at the N10-C11 position which is the electrophilic centre responsible for 
alkylating DNA. AH of the known natural products have an (^-configuration at the chiral C11 a position which provides 
them with a right-handed twist when viewed from the C ring towards the A ring. This gives them the appropnate three- 
dimensional shape for isohelicity with the minor groove of B-form DNA. leading to a snug fit at the binding site (Kohn, 
35 1975 In Antibiotics ///. Springer-Verlag, New York, pp. 3-11 ; Hurley and Needham-VanDevanter, 1986 Acc. Chem. 
Ftes., 19, 230-237). Their ability to form an adduct in the minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 
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Disclosure of the invention 

[0002] A first aspect of the present invention is a compound with Ihe formula la or lb: 




wherein: 



A is CH 2 , or a single bond; 

R2 is selected from: R. OH, OR, C0 2 H. C0 2 R, COH, COR, S0 2 R, CN; R 6 , R 7 and R 9 are independently 
from H. R, OH, OR. halo, amino, NHR, nitro, Me 3 Sn; 

where R is a tower atkyt group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group w.l 
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more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system l or an aryl group, pref- 
erably of up to 12 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group; or R 7 and 

5 R 8 together from a group -0-(CH 2 ) p -0-, where p is 1 or 2; 

and R 8 is selected from H, R, OH, OR r halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above, or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the R a 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R' is an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more hetero-atoms 

io and/or aromatic rings, e.g. benzene orpyridine, and may contain one or more carbon-carbon double or triple bonds, 

and each X is independently seated from O, S, or N; except that in a compound of formula la when A is a single 
bond, then R 2 is not CH^CH(CUNH 2 ) or CH=CH(CONMe 2 ). 

[0003} If A is a single bond then R 2 is bonded directly to the C-ring of the PBD. 
f5 [0004] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an atkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0005] It is preferred that In a compound of formula la when A is a single bond, then R 2 is not CH=CR A R B , where 
R A and R B are independently selected from H, R c , COR c , CONH 2 , CONHR c , CONR c 2 , cyano or phosphonate, where 

20 rc j S an unsubstituted alkyl group having 1 to 4 carbon atoms. 

[0006] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 

25 that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably t to 
4. carbon atoms, e.g. methyl, ethyl, n-propyt, n-butyl or t-butyt. 

[0007] Alternatively, F^, R 7 , R 9 and, unless the compound is a dimer, R 8 may preferably be independently selected 
from R groups with the following staictural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group: 

(iii) an ethenyl group conjugated to an electron sink. 

[0008] The term 'electron sink' means a moiety covalently attached to a compound which is capable of reducing 
35 electron density in other parts of the compound. Examples of electron sinks include cyano, carbonyl and ester groups. 
[0009] It may be preferred that A is CH 2 and/or that R 2 is C0 2 H, C0 2 R, CH 2 OH, or CH 2 OR. It may be further preferred 
that R 2 is C02Me, CO^Bu, CH 2 OH, or CH 2 OAc. 

[0010] R 6 , Rj, and R 9> unless the compound is a dimer, R 8 are preferably selected from H and OR, and more par- 
ticularly H, OMe and OCH 2 Ph. It is further preferred that R 7 and, unless the compound is a dimer, R 8 are OR, more 
J0 preferably OMe or OCH 2 Ph, and that R 6 and R g are H. 

[0011] If A is a single bond, then R 2 is preferably an aryl group, eg Ph, p-MeO-Ph, or an alkyl or alkaryl group which 
contains at least one double bond which forms part of a conjugated system with the double bond of the C-ring, eg 
CH=CH 2 . CH=CH-CH 3 . 

[0012] Compounds of the first aspect of the invention are preferably of formula la. 
45 [0013] If the compound of formula la or lb Is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where 
p is from 1 to 12, more preferably 3 to 9. 

[0014] A second aspect of the present invention is a compound with the formula II: 
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R' 2 is selected from: O, CHR" 2> where R" 2 is selected from H, R, C0 2 R, COR, CHO, C0 2 H, halo; 

R 6 , R 7 and R 9 are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 

more aryl substituents), preferably of up to 12 carbon atoms, whereof the atkyS group optionally contains one or 

5 more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 

erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be. a functional group; 
and R 8 is selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the 
compound is a dimer with each monomer being the same or different and being of formula II, where the R 8 groups 

w of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R* is an alkylene 

chain containing from 3 to 12 carbon atoms, which chain may be interrupted by one or more hetero-atoms and/or 
aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds : and 
each X is independently selected from O, S, or N; or R v and R 8 together form a group •0-(CH 2 ) p -0- 1 where p is 1 
or 2: except that: 

15 

(0 when R 2 Is CH-Et. and R 6r R 8 and R 9 are H, R 7 is not sibirosamine pyranoside; and 
(ii) when R* 2 is CH-Me, and R 6 and R 9 are H, R 7 and R 8 are not both H or both OMe, or OMe and OH respec- 
tively. II R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, 
and contains a helero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -OC 2 H 5t -CH 2 - 
20 S-CH 3 . or may form part of or be a functional group e.g. carbonyl, hydroxy. 

[001 5] R is preferably selected from a lower alky! group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 1 2 carbon atoms, or an aryl group, preferably of up to 1 2 carbon atoms, optionally substituted by one or more 
halo, hydroxy amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
25 carbon atoms optionally substituted by one or moro halo, hydroxy, amino, or nitro groups. It is particularly preferred 
that R is an unsubsliluted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 r carbon atoms, e.g. methyl ethyl, n-propyl, n-butyi or t-butyl. 

[0016] Alternatively, R 6 , R 7 andR 9 and, unless thecompound is a dimer, R 8 may preferably be independently selected 
from R groups with the following stmctural characteristics: 

30 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

35 [0017J R l 2 is preferably O, CH 2 or CHCH 3 and more preferably CH 2 or CHCH 3 . 

[001 8] R 6 , R 7 . and R g and, unless the compound is a dimer, R 8 are preferably selected from H and OR and a halogen 
atom, and more particularly H, OMe and OCH 2 Ph, and I. It is further preferred that R 7 and, unless the compound is a 
dimer, R 8 are OR or a halogen atom, more preferably OMe, OCH 2 Ph or i, and that R 6 and R 9 are H. Most preferably 
R 8 is BnO. 

40 [0019] If the compound of formula II is a dimer, the dimer bridge may be of the formula -O-(CH 2 ) p -0-, where p is 
from 1 to 12, more preferably 3 to 9, and most preferably 3 to 5. 
[0020] A third aspect of the present invention is a compound with the formula III: 
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R. ° 

wherein. 

R 6 , R 7 and Rg are independently selected from H, R, OH, OR ; halo, amino, NHR, nitro, Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or more 
aryl substituents). preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or more carbon- 
carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, preferably of up to 12 
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carbon atoms; and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally con- 
taining one or more hetero atoms which may form part of, or be, a functional group; and R 8 is selected from H, R, OH, 
OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the compound is a dimer with each monomer 
being the same or different and being of formula III, where the R 8 groups of the monomer form together a bridge having 
5 the formula -X-R'-X- linking the monomers, where R* is an alkylene chain containing from 3 to 12 carbon atoms, which 
chain may be interrupted by one or more hetero-atoms and/or aromatic rings, e.g. benzene or pyridine, and may contain 
one or more carbon-carbon double or triple bonds, and each X is independently selected from O, S, or N; or R 7 and 
R 8 together form a group -0-(CH 2 ) p -0-, where p os 1 or 2; 
wherein at least one of R 6 , R 7 , R 8 and R 9 are not H; except that: 

10 

(i) when R 6 and R 9 are H t R 7 and R 8 are not both OMe, OMe and OBn respectively, or OMe and OH respectively; 

(ii) when R 6 and R 7 are H, R 8 and R 9 are not Me and OH respectively; 

(iii) when three of R 6 , R 7 , R 8 and R 9 are H, Ihe other is not Me; 

(iv) when R 6 , R 7 , and R 8 are H, R 3 Is not OMe; 

is (v) when R 6> R 8 and Rq are H, R 7 is not OMe; and 

(vi) when R 6 , and R 9 are H and R 7 Is OMe, the compound is not a dimer. 

[O021J If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 

20 may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0022] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up lo 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups, it is particularly preferred 

25 that R is an unsubstituted straight or branched chain alkyl, having 1 to 1 0, preferably 1 to 6, and more preferably 1 to 
4, carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

[0023] Alternatively, R 6 , R 7 and Rg and, unless the compound is a dimer, R 8 , may preferably be independently se- 
lected from R groups with the following structural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(Hi) an ethenyl group conjugated to an electron sink. 
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[0024] It is preferred that either: 



(i) only one of R 6 , F^, R 8 and R 9 is H; or 

(ii) at least one of R 6> R 7 , R 8 , and R 9 is NH 2 ; or 

(iii) at least one of R 6> R 7 . R 8 and Rg is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 

40 which may form part of, or be, a functional group. 

[0025] If only one of R 6 , R 7 , R 8 and R 9> it is further preferred that the A- ring substituents (i.e. those of Re, R 7 , R 9 
and. u nless the compound is a dimer, R 8 which are not H) are OR, and are more preferably selected from OMe, and OBn . 
[0026} If at least one of R 6 , R 7 . R 8 and R 9 is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
45 substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 
which may form part of, or be, a functional group, it is further preferred that at least one of R 6 , R 7 , R 8 and R 9 , is a 
phenyl group optionally substituted by one or more melhoxy, elhoxy or nitro groups, although the nitro groups are less 
preferred. More preferably the aryl group is selected from: Ph and p-MeO-Ph. 

[0027] If the compound of formula III is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where p is 
so from 1 .to 12, more preferably 3 to 9. Also in this case, it is preferred that R 6 and R 9 are H t and R7 is an alkoxy or 
aryloxy group. 

[0028] A fourth aspect of the present invention provides a compound with the formula IV: 
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7- ?' 



£0 



(IV) 

N 



R 6 O 



wherein: 



R 6 R 7 and Rg are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn; 
where R is a lower alkyi group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 
more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system., or an aryl group, pref- 
erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group; 
R 8 * and R e " are either independently selected Irom H, R or together form a cyclic amine; and n is from 1 to 7. 

[0029] If R 8 ' and R 8 M form a cyclic amine, then there is usually a single N atom in a ring which is otherwise carbocyclic 
and is preferably 5- or 6- membered and may be saturated or unsaturated. The ring may be fused to another ring 
system which may be aromatic, e.g. being a benzene ring. Thus for example the cyclic amine may be an tndotyl or 
isoindolyl group. It is also possible that the cyclic amine contains one or more hetero atoms, in addition to N in the 
?5 amine ring and/or in a fused ring and may also be substituted by one or more R groups. 

[0030] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the atkyl chain, e.g. -0-C 2 H 5 , ~CH 2 -S-CH 3> or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0031 ] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
30 of up to 1 2 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly pre erred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 lo 
4. carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t -butyl. 
35 [0032] It may be preferred that one of R' a and R" a is a nitrogen protecting group, such as Fmoc. 

[0033] R, is preferably an electron donating group, and is more preferably of the formula OR; particularly preferred 
are the groups OMe. OEt. and OBn. The term 'electron donating group' means a moiety covalently attached to a 
compound which is capable of increasing electron density in other parts of the compound. 

[0034] In addition R 6 and R 9 are more preferably selected from H and OR; particularly preferred are OMe, OB and 

[0035] Alternatively, R 6 , R 7 and R g may preferably be independently selected from R groups with the following struc- 
tural characteristics: 

(i) an optionally substituted phenyl group; 
45 (ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0036] n is preferably 1 to 3, and more preferably 1 . 

[0037] A fifth aspect of the present invention is the use of a compound as described in the first, second, third or fourth 
so aspects of the invention in a method of therapy. Conditions which may be treated include gene-based diseases, in- 
eluding for example, neoplastic diseases and Alzheimer's Disease, and also bacterial, parasitic and viral infections. 
Any condition which may be treated by the regulation of gene expression may be treated using compounds olthe 
invention in accordance with this aspect of the present invention, the compounds provided may be administered o 
individuals. Administration is preferably in a "therapeutically effective amount", this being sufficient to show benefit to 
55 a patient. Such benefit may be at least amelioration of at least one symptom. The actual amount administered, and 
rate and time-course of administration, will depend on the nature and severity of what is being treated. Prescription of 
treatment, e.g. decisions on dosage, is within the responsibility of general practitioners and other medical doctors. 
[0038] A compound may be administered alone or in combination with other treatments, either simultaneously or 
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30 



35 
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sequentially dependent upon the condition to be treated. 

[0039J Pharmaceutical compositions according to the present invention, and for use in accordance with the present 
invention, may comprise, in addition to the active ingredient, i.e. a compound of formula la, lb, II, III or IV, a pharma- 
ceutically acceptable excipient, carrier, buffer, stabiliser or other materials well known to those skilled in the art. Such 
materials should be non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of 
the carrier or other material will depend on the route of administration, which may be oral, or by injection, e.g. cutaneous, 
subcutaneous, or intravenous. 

[0040] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet 
may comprise a solid carrier or an adjuvant. Liquid pharmaceutical compositions generally comprise a liquid carrier 
such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose 
or other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be included. 
A capsule may comprise a solid carrier such a gelatin. 

[0041] For intravenous, cutaneous or subcutaneous injection, or injection atthe site of affliction, the active ingredient 
will be in the form of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity 
and stability. Those of relevant skill in the art are well able to prepare suitable solutions using, tor example, isotonic 
vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilisers, 
buffers, antioxidants and/or other additives may be included, as required. 

[0042] A sixth aspect of the present invention is a pharmaceutical composition containing a compound of any one 
of formulae la, lb, II, III, or IV as described above, and a pharmaceutical^ acceptable carrier or diluent. The preparation 
of pharmaceutical compositions is described in relation to the fifth aspect of the invention above. 
[0043] A seventh aspect of the present invention provides the use of a compound of any one of formulae la, lb, it, 
III, or IV as described above to prepare a medicament for the treatment of a gene-based disease, preferably a prolif- 
erative disease. The compound of formula la, lb, II, III, or IV may be provided together with a pharmaceuticalty accept- 
able carrier or diluent. The compounds may be used for the selective killing of oxic and hypoxic tumour cells in methods 
for the treatment of cancers, for example leukemias and particularly solid cancers including colon, CNS, renal, and 
lung tumours, including small cell lung carcinoma, and melanomas. In particular, dimers of formula II may be used for 
the selective killing of lung, colon, and CNS tumours and melanomas. The compounds of formula III and IV may be 
used selectively against melanomas. 

[0044] A further aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, III, 
or IV as described above to prepare a medicament for the treatment of a viral, parasitic or bacterial infection. The 
preparation of a medicament is described in relation to the fifth aspect of the invention above. 
[0045] In further aspects, the invention provides processes for preparing compounds according to the first, second, 
third and fourth aspects of the present invention. 

[0046] Aspects of the invention wilt now be further described with reference to the accompanying drawings in which: 

Figures 1 to 6a/b are synthesis routes for compounds of formula la of the present invention; 
Figures 7 to 14 are synthesis routes for compounds of formula II of the present invention; 
Figures 15 to 25 are synthesis routes for compounds of formula 111 of the present invention; 
Figure 26 is a synthesis route for a compound of formula IV; 

Figure 27 is a synthesis of an intermediate in the preparation of compounds of formula IV of the present invention; 
Figure 28 is a synthesis routes for compounds of formula IV of the present invention; and 
Figures 29 to 32 are graphs illustrating the cytotoxicity results of examples 5 to 8 respectively. 
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Preferred General Synthetic Strategies 

[0047] A key step in a preferred route to compounds of formula la, lb, It, III or IV is a cycllsation to produce the B- 
ring, involving generation of an aldehyde (or funclional equivalent thereof) at what will be the 11 -position, and attack 
thereon by the Pro-N10-nitrogen: 
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r00481 In this structure, no C-ring substitution or unsaturate is shown. R 8 represents CHCHjkCHjCOJV,, in com- 
pounds ot formula IV. R 10 is a nitrogen protecting group, preferably with a carbamate functionality bonded to the nitrogen 
of the PBD The "masked aldehyde" -CPQ may bean acetal orthioacetal (possibly cyclic), in which case the cychsat.on 
involves unmasking. Alternatively, the masked aldehyde may be an aldehyde precursor, such as alcohol -CHOH, in 
which case the reaction involves oxidation, e.g. by means of TPAP or DMSO (Swern oxidation). 
[0049] The masked aldehyde compound can be produced by condensing a corresponding 2-substituted pyrrolidine 
with a 2-nitrobenzoic acid: 



to 



15 



A. /NO, 



R« O 



oh + H n 



R|. p Q 

R. ^ V 




<5 



[0050] The nilro group can then be reduced lo -NH 2 and protected by reaction with a suitable reagent, e.g, a chlo- 
rolormate which provides the removable nitrogen protecting group in the synthesis route. 

[0051 ] A process involving the oxidation-cyclization procedure is illustrated in scheme 1 (an alternative type of cy- 
clisation will be described later with reference to scheme 2). 
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Scheme 1 
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[0052] The imine/carbinolamine bond in the PBD (A) can be unprotected by standard methods to yield the desired 
compound, e.g. if R 10 is Alloc, then the depro.ec.ion is carried out using palladium to remove the N1 0 protect.ng group, 
followed by the elimination of water to give the imine. ,„,,»_„. 
[0053] Exposure of the alcohol (B) (in which the Pro-NIO-nitrogen is general* protected as carbamate) to tetrapro- 
pylammonium perru.hena.e (TPAP)/N-me.hylmorpholine N-oxide (NMO) over A4 sieves results .n ox.dat.en accompa- 
nied by spontaneous B-ring closure to afford the desired product. The TPAP/NMO oxidation procedure .s loun I to be 
particularly convenient .or smalt scale reactions while the use of DMSO-based oxidat.on methods, P ar1.cula..y Swern 
oxidation, proves superior lor larger scale work (e.g. > 1 g). . to n 

[0054] The uncyclized alcohol (B) may be prepared by the reaction of a nitrogen protection reagent of formula D. 
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which is preferably a chloroform ate or acid chloride, to a solution of the amino alcohol C, generally in solution, generally 
in the presence of a base such as pyridine (preferably 2 equivalents) at a moderate temperature (e.g. at 0°C). Under 
these conditions little or no O-acylation is usually observed. 

[0055] The key amino alcohol C may be prepared by reduction of the corresponding nitro compound E, by choosing 
r. a method which will leave the rest of the molecule intact. Treatment of E with tin (It) chloride in a suitable solvent, e g. 
refluxing methanol, generally affords, after the removal of the tin salts, the desired product in high yield. 
[0056] Exposure of E to hydrazine/Raney nickel avoids the production of tin salts and may result in a higher yield of 
C, although this method is less compatible with the range of possible C and A-ring substituents. For instance, if there 
is C-ring unsaturation (either in the ring itself, or in or R 3 ), this technique may be unsuitable. 
w [0057] The nitro compound of formula E may be prepared by coupling the appropriate o-nitrobenzoyt chloride to a 
compound of formula F, e.g. in the presence of K 2 C0 3 at -25*C under a N 2 atmosphere. Compounds of formula F can 
be readily prepared, for example by olefination of the ketone derived from L-trans-hydroxy proline. The ketone inter- 
mediate can also be exploited by conversion to the enol triflate for use in palladium mediated coupling reactions. 
[0058] The o-nitrobenzoyl chloride is synthesised from the o-nitrobenzoic acid (or alkyl ester after hydrolysis) of 
*5 formula G, which itself is prepared Irom the vanillic acid (or alkyl ester) derivative H. Many of these are commercially 
available and some are disclosed in Althuis, T.H. and Hess, H.J., J. Medicinal Chem., 20(1), 146-266 (1977). 

Alternative Cyclisation (Scheme 2) 

20 [0059] 
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Scheme 2 

[0060] In scheme 1 , the final or penultimate step was an oxidative cyclisation. An alternative, using thioacetal cou- 
so p|jng : is shown in scheme 2. Mercury-mediated unmasking causes cyclisation to the protected PBD compound (A). 
[0061] The thioacetal compound may be prepared as shown in scheme 2: the thioacetal protected C-ring [prepared 
via a literature method: Langlcy, D.R. & Thurston, D.E., J. Organic Chemistry, 52, 91-97 (1987)} is coupled to the o- 
nitrobenzoic acid (or alkyl ester after hydrolysis) (G) using a literature procedure. The resulting nitro compound cannot 
be reduced by hydrogenation , because of the thioacetal group, so the tin(ll) chloride method is used to afford the amine. 
55 This is then N-protected, e.g., by reaction with a chloroformate or acid chloride, such as 2,2,2-trichloroethylchlorofor- 
mate. 

[0062] Acetal-containing C-rings can be used as an alternative in this type of route with deprotection involving other 
methods, including the use of acidic conditions. 
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Dimer Synthesis (Scheme 3) 
[0063] 
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Scheme 3 
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[0064] PBD dimers may be synthesized using the strategy developed for the synthesis o the protected I PBO mon 
omers The synthesis routes iLstrated in scheme 3 show compounds when the dimer linkage is of the formula 
0-(CH 2 )„ 0 The step of dimer formation is normally carried oul to form a bistro acid) GV This compound can then 
be treated as compound G in either scheme 1 or scheme 2 above. 

[0065] The bis(lo acid) G' may be obtained by nitra.ing (e.g. using 70% nitric acid) the b,s(carboxyl.c aad). _This 
can be syn.hesL by ablation of two equivalents of the relevant benzoic acid with the 

under bas'ic condfhons^any benzoic acids are commercially available and others can ^ZSrSSS? 
methods. Alternatively. Ihe relevant benzoic add esters can be joined together by a Mrtsunobo ethenf.cal.on w,.h 
aDDroDriate alkanediol lollowed by nitration, and then hydrolysis (not illustrated). ,„.«,„„ 
S An aLrnar.e synthesis of thebis(ni,ro add) involves oxidafion of ,he bis(ni,ro 

permanganate. This can be obtained in turn by direc. nitration of the bis(a.dehyde), . g w«h 70 HN0 3 ^na H he 
bis(aldehyde) can be obtained via Ihe Milsunobu o.herificalion o. two equivalents of the benzoic aldehyde wrth 

which will form the A-ring, before joining the component which will form the C-nng. 
Preferred Synthetic Strategies tor Compounds of formula la 

[0068] The synthesis route of scheme 1 is generally applicable to compounds of formula la. 
0069 C2/C3 endo-unsaturated PBOs of formula .a may be synthesised Irom .heir ^O***-** P 
cursors Typically, palladium catalysed removal of an allyl carbamale may be used to generate the N10O11 «™» 
without aiding me key C2-unsa«uration. For example, i. the N10-C11 imine/carbino.amme * profec.ed by an Alloc 
group, the C2/C3-endo-unsaturation is maintained during the Alloc cleavage reaction. 
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[0070] The reduction of the nitro-compound E as shown in scheme 1 with tin (II) chloride in refluxing methanol leaves 
the C2/C3-unsaturation unaffected. The hydrazine/Raney nickel method would not be suitable due to the double bond. 
[0071] The compound of formula F may be used in its TBDMS protected form, and therefore a deprotection step has 
to be included to produce the amino-alcohol compound E. 

r0072] The TBDMS ether, which is the product of the coupling of TBDMS protected compound with the appropriate 
o-nitrobenzoyl cloride, can be treated with AcOH:THF:H 2 0 (3:1.1 ). TBAF was found to be unsuitable for this transfor- 
mation due to the rapid degradation of reaction products. 

[0073] A class of requisite C-ring providing compounds F can be obtained as shown in scheme 4. 



hoV 5 ho-^° too-V 5 
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^OTBDMS 
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F2 
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Scheme 4 



[0074] Commercially available (rans-4-hydroxy-L-proline F8 can be N-alloc protected to give the allyl ca^amate , F7 
which can then be esterified using standard conditions. Hydride reduction of the ester F6 furmshes the diol F5. Setec hve 

35 TBDMS protection o! the diol gives a silyl ether F4, which can then be oxidised, using either Swern or TPAP oxidahon, 
to provide the ketone F3. . 
[00751 The ketone F3 can then undergo a Wittig reaction to yield a mixture of the E/Z exo-esters F2 which can then 
be converted to the C2/C3-endo compound F1(la) upon treatment with excess sodium hydride. Pa » adl ^ e ^ d 
cleavage of the N-alloc protecting group (Dangles O.; Guibe, F .; Balavoine, G Lavielle, S.; Marquet, A.; J. Org. Chem. 

40 1 987, 52, 4984) yields the compound F(la). 

Alternative route to compounds of formula la 

[00761 A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
45 production of the C2/C3-endo-unsaiurated PBDs, and is shown in scheme 5. 
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40 



Scheme 5 



rOOTTl The sitvl protecting group may be cleaved in good yield by treating B1(la) with AcOH:THF:H 2 0 (3:1 The 

B2 The carbamate protected aniline B3 may be prepared from the nrtro compound B5 n two steps. FtaOfttM ™" 
group ma Sd to the ani.ine by employing the Raney nfckel/bydraz.ne method because a compound type 
B lacks C ^saturation This method is more advantageous than the tin (II) chlor.de procedure since the product ,s 

50 ^ ^amPde o, type B5 may be synthesised by coupling an acid ch.onde o. type G to the key amine KEC5 



(Scheme 6). 



55 



13 



uMcrw-in rVO 1t<K1270A2 I > 



EP1 193 270 A2 



w 



15 



25 



30 



35 



HN 



CBz 



-l/^l CBz-/} 



CBz* 



F8 



KEC1 



y 



OH 



OTBDMS 



/ 



KEC2 

^OTBDMS 




OH 



KEC4 



KEC5 



Scheme 6 

Overall, this route has several advantages over the previous route which results in the larger scale production of the 
C2/C3-endo-unsaturated PBDs. Firstly, catalytic hydrogena.ion ot KEC4 allows large scale preparation of key inter^ 
mediate KEC5. Secondly, this more efficient nitro reduction step may be carried out on an ,ntcrmcd>ate devo.d of 
C2-unsat U ration, Importantly, the double-bond migration observed during the Horner-Emmons readier ns 
so excess sodium hydride is not necessary. This double-bond migration has also been observed by other workers 
(Leimqruber, W.; Batcho, A. D.; Czajkowski. R. C. J. Am. Chem. Soc. 1968, 90, 5641). 

U079? Parr-hydrogenation of KEC4, in order to cleave the Cbz protecting group, allowed the large sca.e syn.hes, 
of the key amino intermediate KEC5. The TBDMS ether KEC4 was prepared in an analogous fashion ^ ^ 
spending Alloc protected intermediate F4 (Scheme 4). Selective silylation of the primary alcohol KEC3 ^was ^achKved 
using DBU as a si.yt transfer agent. The diol KEC3 was obtained from hydride reduction of ester KEC2 whrch in turn 
w^yn.hesisedfromcarboxylicacidKECI.^ 

ingaprocedure reported in the literature (Bridges, R. J.; Stanley, M. S, Anderson. M. W, Cotman, C. W, Chamber^. 
R A. J. Med. Chem. 1991 , 34, 71 7). ' ^ n . 

[0080] Certain R 2 groups may require protection during the synthesis routes set out above, e.g. alcohols can be 
protected by using an acetate protecting group (see example 1(d)) 



40 



45 



50 



55 



14 



EP1 193 270 A2 
Further alternative route to compo und of formula la 
[0081] 
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[0082] Tho tollowing route is particularly suited to a compound of formula la where A is a 

X- group or contains a double bond which is conjugated to that in the C-ring. However, elements of .he synthesis. 



^heSEMprotoc^ 
fol ,owed b y,r e a,me=;S 



55 [0083] The target PBDs were prepared by reduction c 

sodium tetratw,~.. 7 ■ . 

binolamine. However, this species is very unstable and treatment with silica gel is sufficient to provoke fragments 



of the SEM protecting group accompanied by imine formation. 
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[0084] The SEM protected dilactams (O) were prepared by Suzuki and Stille coupling reactions on the enol triflale 
intermediate (P). The Suzuki reaction is particularly useful as it can be used to install both aryl and vinyl substituents 
at the C2 position of the PBD. In excess of 70 boronic acids are commercially available allowing great drversity to be 
introduced into the PBD system. Heck reactions can also be performed smoothly on the enot inflate intermediate. 

5 [0085] The enol triflate (P) was prepared (rom the ketone precursor (O) using triftic anhydride in DCM in the presence 
of pyridine The kelone (O) was prepared from the secondary alcohol precursor (N) by Swem oxidation. Other oxidation 
methods involving TPAP or the Dess Martin reagent provide the ketone in equally good yields. The secondary alcohol 
was obtained by selective removal of a TBDMS group of compound M in the presence of the SEM N10 protecting 
group The SEM group was installed by quenching the N10 dilactam anion (from L) with SEWI-C1; this is a genera 

to method and can be used to install related protecting groups such as MOM. In order to prevent the C2 hydroxy o 
compound K interfering with the N". 0 protection step if was protected as a TBDMS ether. The 2-hydroxy d.tactam (K) 
was formed by hydrogenating the A ring nitro group of compound J and coupling to the Coring methyl ester. The A- 
ring nilro C-ring ester compound (J) was prepared by coupling commercially available acid (G) to methyl 4-hydroxy- 
prolinate. 

i5 [0086] The alternative synthesis routes are equally applicable to the synthesis of dimers. 
Preferred Synthesis Strategies for Compounds of formula H 

[0087] The synthesis route of scheme 1 is generally applicable to compounds of formula II. 
20 roo881 C2-unsaturated PBDs of formula II may be synthesised from their N10-carbamate protected precursors. Typ- 
ically palladium catalysed removal of an allyl carbamate may be used to generate the N1 0-C1 1 imine without affecting 
the key C2-unsaturation. Alternatively, cadmium-lead couple may be employed to cleave an N10-2,2 t 2-trichloroethyl 
carbamate from the protected PBD. 

[0089] The reduction of the nitrocompound E as shown in scheme 1 with tin (II) chloride maintains the C2-unsatu- 
25 ration although isolating the aniline C from the tin salts can be problematic. 

[0090] The compound of formula F may be used in its TBDMS protected form, and therefore a deprotechon step has 
to be included to produce the amino-alcohol compound E. 

[0091] The TBDMS ether of type E, which is the product of the coupling of the TBDMS protected compound with the 
appropriate o-nitroben/oyl chloride, can be treated with AcOH:THF:H 2 0 (3:1:1). TBAF was found to be unsuitable for 
30 this transformation due to the rapid degradation of reaction products. 

(0092] C-ring providing compounds F(ll) can be obtained as shown in scheme 8. 
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100931 Commercially available rraf7S-4-hydroxy-L-proline F8 can be N-alloc protected to give the altyl carbamate F7 
which can then be esterified using standard conditions. Hydride reduction of the ester F6 lurnishes the diol F5. Selective 
TBDMS protection of the diol gives a silyl ether F4, which can then be oxidised, using either Swern or TPAP oxidation, 

to provide the ketone F3. w^^c* 
35 r0094] The C2-olefinic functionality present in F2 may be introduced by performing the Wittig react.on on ketone F3. 
Palladium-mediated cleavage of the N-ailoc protecting group (Dangles O.; Guibe, F.; Balavoine, G.; Lunelle, S.; Mar- 
quet, A.; J. Org. Chem. 1987, 52, 4984) yields compound F(ll). 
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Alternative route to compound C 
10095] 
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Scheme 9 

[0096] An alternative route to compound C has been developed (Scheme 9). The amide of formula C1 may be 
30 synthesised by forming the acid chloride of an N-Troc protected anthranilic acid of type C2. Interestingly, N-Troc an- 
thranilic acids do not generate isatoic anhydrides, thus enabling amide formation reactions with amines oJ type F(ll). 
Simultaneous TBAF-mediated cleavage of the 2,2 ,2- trichloroethyl carbamate and TBDMS groups from C1 may provide 
the key amino-alcoho! C. 

35 
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Alternative Route to compounds of formula M 
[0097] 
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(0098] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
production of the C2-unsaturated PBDs, and is shown in scheme 10. TBAF- mediated cleavage of the TBDMS group 
may be used to produce B(11) from B1(ll). The key C2-unsaturation present in B1 (II) may be introduced by performing 
the Wittig olefination reaction on a ketone of type B2. Swern oxidation of the secondary alcohol B3 may be used to 
furnish the ketone B2. The carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. 
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Firstly the nitro group may be reduced to the aniline by employing the Raney nicket/hydrazine method because a 
compound of type B5 lacks C2-unsaturation. This method Is more advantageous than the tin (II) chloride procedure 
since the product is easier to isolate. The aniline B4 may then be N-carbamate protected in high yield without significant 
carbonate formation at the C2 oxygen. 

5 [00991 An amide of type B5 may be synthesised by coupling an acid chloride of lype G to the key amine KEC5 (see 
scheme 6) Overall, this route has several advantages over the convergent route which allow larger scale production 
of the C2-unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scale preparation of key intermediate 
KEC5 Secondly, the nitro reduction step may be carried out on an intermediate devoid of C2-unsaturat,on. Finally, the 
Wittig otof (nation may be performed in the latter stages of the synthetic route where large scale limitations are tolerated. 

to [0100] In dimer synthesis, the routes set out above maybe used in preference lo those set out in the overall synthetic 
strategies. In particular, the nitrogen-prolecting group may advantageously be a carbamate, as protect^ I 9™Pj °' 
th,s type may be removed in the final step by a variety of methods which, in general, do not affect the key C2-unsatu- 
ralion. 

15 General Experimental Methods 

[0101] Melting points (mp) were determined on a Gallenkamp P1384 digital melting point .apparatus and are uncor- 
rected infrared <IR) spectra were recorded using a Perkin-Elmer 297 spectrophotometer. 'H- and ac- NMR spectra 
were receded on a Jeol GSX 270 MHZ FT-NMB spec.romeler operating at 20»C +M'C. Chemical shifts are ^reported 
in parts per million (5) downfield from tetramethylsilane (TMS). Spin multiplicities are described as: s (s.nglet), bs (b.oad 
singlet) d (doublet), dd (doublet of doublets), t (triplet), q (quartet), p (pentuplct) or m (multiple!). Mass spectra (MS) 
were recorded using a Jeol JMS-DX 303 GC Mass Spectrometer (El mode 70eV. source 11 7-147-Q. Accurate mo- 
lecular masses (HRMS) were determined by peakmatching using perlluorokerosene (PFK) as an internal mass marker, 
and FAB mass spectra wore obtained from a gtycerol/thioglycerol/trifluoroacctic acid (1:1:0.1) matnx with a source 
temperature of 180°C. Optical rotations at the Na-D line were obtained at ambient temperature using a Perk.n-Elmer 
1 41 Pelvimeter. Analytical results wero generally within + /-0.2% of the theoretical values. Flash chromatography was 
performed using A.drich flash chromatography "Silica Gel-60' (E. Merck, 230-400 mesh). Th n-layer chromatography 
(TLC) was performed using GF J54 silica gel (wrth f.uorescent indicator) on glass plates. All solvents and reagents 
unless otherwise staled, were supplied by the Aldrich Chemical Company Ltd. and were used as supphed trthotf 
further purilication. Anhydrous solvents were prepared by distillation under a dry mitogen atmosphere in he presence 
of an appropriate drying agent, and were stored over 4A molecular sieves or sodium wire. Petroleum ether refers to 
the fraction boiling at 40-60°C. 
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Exampl es 

Example 1(a): Synthesis of the 2-Cyanomethyl PBD (10, SB-A67) (see Figu re 1) 
[0102] 



BnO 



MeO 




55 



Synthesis of the Nitro Alcohol (3) 

[0103] A solution of the acid 1 (3.03 g, 10 mmol, 1 equiv) in freshly distilled CH 2 CI 2 (50 mL) was ***** oxaiyl 
ch or Je (1.05 mL, 12 mmol. 1.2 equiv, under a nitrogen atmosphere and stirred. DMF (0.1 mL) added am , h e 
solution effervesced. The reaction was allowed to stir overnight a, RT. The following day the actd *^£*°T£ 
added dropwise over 2 hours to a stirred mixture of the amine 2 (2.31 g, 10 mmol, 1 equ.v) and TEA (3.48 mL 25 
2 5 e^) in freshty distilled CH 2 C, 2 (30 mL) while the temperature was kept under 0°C under a nitrogen nj- 
Lsphere The reaction mixture was then allowed to warm to RT and stirred overnight. The solution was washed wrth 
NaHCO (100 mL). saturated NH 4 C1 (100 mL), H 2 G (100 mL). brine (100 mL). dried (MgS0 4 ). 

in vacuo o give a brown oil which was purified by flash chromatography (Si0 2 , E.OAc) and provided the coupled 
compound 3 (3 24 g. 6.28 mmol, 62.8%) as a yellow glass: 1 H NMR (CDCI 3 , 270 MHz) rotamers: o -0.10 (s, 6H. S. 
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( CH 3 , 2 ). 0.80 (s. 9H, SiC(CH 3 ) 3 , 2.04-2.55 (m, 3H, , -H, OH). 3.05-4.60 (nr.. 9K11-H. "^^^^J"* 
. 2H, OBn). 6.78and6.85 (2xs. 1H. 6-H), 7.27-7.47 (m. 5H, Ph). 7.73 and 7 ^'^^^^f^ 
MHzV 8-5 5 -5 4 18 2 25 7 25.8, 36.3, 56.6, 57.2, 62.6, 70.2, 71.3, 109.0. 109.4, 127.6- -28.8. 135.2, 137.3, 1479. 
5 7. 66.6;.R n «" 3401 ! 3065. 3033. 2951, 2856, 2739. 2628. 1956, 1743, 1620, 1578 1522. 1462 
1336 1277. 1221, 1075, 1051, 1002, 914, 836, 779, 752. 697, 669, 650. 615; EIMS m* (relative ^ensfty) 5 6 (M 
0 6) 460 (29.8). 459 (92.6). 368 (7.9), 286 (49.6). 91 (100.0), 73 (9.5); FAB m/z (relative intensity) 51 7 (M* +1. 15.1). 
385 (9.2), 286 (19.3), 92 (9.3), 91 (100.0), 75 (14.0), 73 (42.2). 

Reduction to the Amino Alcohol (4) 

[0104] A solution o. hydrazine (3.11 mL, 100 mmol. 5 equiv) in MeOH (50 mL) was added dropwise to a re. luxing 
solution of the nitro compound 3 (10.32 g, 20 mmol, 1 equiv), antibumping granules and ^ '« »*" 

(150 mL). After 1 hour at reflux TLC (Si0 2 . 5% MeOH-CHCI 3 ) revealed total consumption of starting ^lenalThe 
mixture was then treated with sufficient Raney Ni to decompose any unreac.ed hydrazine. Af or coohn o RT the 
m,xture was f iltered through Cents and the filtrate evaporated in vacuo. The resulting res.duo was dissohred ,n GH 2 CI 2 
S "led (MgSo/mteredand evaporated in vacuo, o provide 4 (6.80 S 14 mmol. W-<^««£~ 
arried through to the next stage without purification: «H NMR <CDCI 3 , 270 MHz) rotamers: 8-0*01 M W 
0.88 (br s. 9H, SiC(CH 3 ) 3 ), 1 .96-2.23 (m. 2H, 1-H). 3.44-4.48 (m. 12H. 11-H. 3-H, OMe. NH 2 , OH, 2-H, 11 , H). 5*9 
,br s 2H. OBn), 6.25 and6.27 (2xs, 1H, 6-H), 6.68 and 6.73 ( 2 XS, 1H. 9-H) 7 '.26-7.4 <m, 5H Ph ; «C 
270 MHz): 6 -5.4. 1 8.2, 25.9, 35.7, 56.9. 57.2, 70.4, 70.7. 103.2, 112.9, 113.4, 127.2 127 .4 127£ 1 28* ^.^1367, 
141.6: IR tneat): 3356.80. 2930.13, 2857.36, 2247.82. 1622.19, 1514.60. 1463.60, 1408.95. 1261.43, 1176.55, 
1118.48, 1003.88, 911.00.836.61.778.15,733.59,697.72,646.32. 

Synthesis of the Alloc Pro-N10-Protected C2-Alcohol (5) 

,0105] A solution of ally, chloroformate (1.54 mL. 14.48 mmol. 1.05 equiv) m freshly aistM.ed CH 2 CI 2 (30^U) was 
added dropwise to a stirred mixture of the amine 4 (6.70 g, 13.79 mmol. 1 equrv) pyndine (2.45 mL 3034 mmo L*2 
equiv) in freshly distilled CH 2 CI 2 (200 mL), a, 0'C under a n»rogen a.mosphero. The m.xture was^owec to warn, at 
RT and stirred overnight The following day TLC (Si0 2 , 5% MeOH-CHCI 3 ) revealed reaction completion. The mixture 
wis was £1, saturated CuSD 4 (1 00 mL), H 2 0 ,1 00 mL). brine (100 mL). dried (MgSC,). 
in v»cuo to give a dark yellow oil. Flash chromatography (SiQ 2 , 30% EtOAcpetroleum ether) after* the _pure i Alloc 
compound I (6.70 g. 11.75 mmol. 85.2%) as a yellow oil: 'H NMR (CDC., 270 MHz) rotamers: 5 0 03 "d (X04 (2x , 
rh qurH 1 1 0 89 (br s 9H SiCICH,),) 1.99-2.40 (m, 2H, 1-H . 3.56 (br s, 4H, 11-H, 3-H). 3.79 (s. 3H. UMej 
SlffSS'l!?!^ 4 3ots 1h.^H . 4.58-4.62 (m, 3H, OH, Alfoc). 5.16-5.37 ^ 4H ^^5.86-^ 
(m. 1H, Alloc). 6.80 ,s, 1H, 6-H), 7.30-7.48 (m. 5H. Ph), 7.80 (s, 1H, ^ "B J N »> • I^ 2 T 7 "g 6 ?32 5 

L,,.; cc \a iri 25 8 35 6 56 4 57 2 60.4, 65.8, 70.5, 70.7, 106.4, 111 .7, 116.4, 118.0, 127.7-128.b, 
SE 144 3 ^50 2 153 8 169 4 '.R (neat): 3336. 3067. 2953. 2931. 2858. 1732, 1600. 1525, 1464. 1408 1327 
?! 1175 1121 M04B 1028 1002 937 837, 812, 778, 744, 698. 671 , 636. 608, 562; EIMS m/z(relafve intens-ty) 
570 (M* 35 ^513^27 ^340 (19.3). 149 0Uk91 (24.1), 77 (16.4), 58 (33.0), 57 (100.0), 44 ,27.2), 39 (39.8); 
(aPV ' 55 94 ° ( c 58 1 01 °' CHC, 3)- 
Oxidation to the C2-Ketone (6) 

l0 , 06) A solution ot DMSO (2.50 mL, 35.25 mmol, 3 equiv) in Iresh* distitled CH 2 CI 2 

over 1 .5 hours to a stirred solution o) oxalyl chloride (8.81 mL o, a 2M solution in CH 2 CI 2 . 1 7 62 „^ ^ 
55/ 60°C (liQuid nitroqen/CHCI,) under a nitrogen atmosphere. After 30minutes stirring at -55 C, a solution of the 
-55/-60 O (iiquio nnrogen/unoi 3 ) un y dropwise to the reaction mixture 

secondary alcohol 5 (6.70 g, 11.75 mmol. 1 equiv) in CH 2 CI 2 (150 mL) was auaeo u.uy . u 

overLSh Fo.lowin g s,irringa.-55/-60"Cfor45minutes,h e reac,ion was treated dropw.se ^^^^^ 
mL. 79.90 mmol. 6 8 equiv) in CH 2 C 2 (50 mL) over a period of 40*^1^ The ™ e ™ s *<^°^ ™ h J 
45minu.es a. -30-C and was then allowed to warm to RT. The reaction was then treated w.th 
,o 0«C and acidified to pH=2 with concentrated HCI. The organic phase was washed w.th H 2 0 ISC mL , bnn ^ 50 
mL) dried <MqS0 4 ), filtered and evaporated in vacuo to give the ketone 6 as a dark orange oil (6.16 g 0*8 onmol 
93%). sufficient* pure by TLC (Si0 2 , 40% EtOAcpe.roloum elher) to be earned through o the 
further purification: <H NMR (CDCI 3 , 270 MHz) rotamers: 50.04 and 0.05 (2xs, 6H. S,(CH 3 ) 2 , 0 8 J '^^^ 
2 47-2 78 (m 2H 1-H), 3.66-4.10 (m. 8H. 3-H, OMe, 11-H. 11a-H). 4.62-4.65 (m. 2H. Alloc), 4.80-5.40 (m, 4H, OBn, 
aS 5 8^ 6.03 ,m. 1H. Alloc). 6.76 (s. 1H. 6-H). 7.27-7.49 ,m. 5H. Ph), 7.90 (S 1H 9-H 8 .62 br S K H «C 
NMR (CDC I 270MHZV5-5B -57 18.0,25.6.25.7,56.5.65.8,68.0,70.7.106.4, 111 .0, 118.2, 127.7-1 2B.6 132A 
mi!XS:SJEBi IR (neat): 3510, 3332, 2957, 2870. 2740. 1959. 1771 , 1738. 1633. 1537. 1428. 1274, 1233. 
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1120 1029 844 785, 700; EIMS m/z (relative intensity) 568 (M*\ 90.6). 51 2 (28.7), 511 (79.8), 453 (12.1), 340 (38.6), 
298(12.7), 282 (16.9), 172 (23.9), 91 (100.0), 41 (15.1); [of V -1.98° (c= 1.010, CHCI 3 ). 

Insertion of the C2-Cyanomethyl Group (7) 

5 [01 07] Sodium hydride (0.70 g of a 60% dispersion inminuleseral oil. 1 7.60 mmol, 2.5 equrv) was stirred in petroleum 
ether or 10minutes. The suspension was allowed to settle and the solvent transferred under "'W from he flask 
via a double-tipped needle. The remaining residue was suspended in freshly dis. led a nhydrous ^WJJ 
lo 0°C and treated dropwlse with a solution of the diethyl cyanomethylphosphonate (11 .14 mL 

w in THF (60 mL) under a nitrogen atmosphere. The mixture was allowed to warm to RT and st,r for 1 .5 h. Atte xoo. tag 
to 0-C the reaction mixture was treated dropwise with a solution of the ketone 6 (11.14 mL, 79.90 mmol, 6.8 equiv) n 
THF (40 mL). After stirring overnight TLC <SiO 2 ,30% EtOAc-pelroleum ether) revealed ^^^T^ 
of starting material. THF was evaporated in vacuoand the resulting residue treated w.th a saturated solution of HbHCO, 
(100mL )a ndEtOAc(100mL).The aqueous layers washed with EtOAc (100 mL) and the combmed organs layers 

.5 were then washed with H 2 0 (tOOmL), brine (100 mL), dried (MgS0 4 ), liltered and evaporated Mg» brown 
g.ass which was subjected to Hash chromatography (Si0 2 , 30% BOAc-petroleum ether) to prov.de 
compound 7 (2.6 g, 4 40 mmol, 53%) as a yellow glass: <H NMR (CDCI 3 , 270 MHz): 5 0.03-0.09 (m 6H, S*CH& ) 
0 B T(m 9H &C<CH,U 2 68-2 91 (m 2H, 1 -H). 3.12-3.13 (m, 2H, 12-H), 3.72-3.76 (m, 2H, 11-H), 3.82 (s, 3H, OMe), 
K IH-Ha-H). 1 5,9 (s, 2H, OBn), 5.22-5.39 <m 2H, ^^^^ 

20 6.59 (s. IH. 3-H), 6.68 (s, 1H, 6-H), 7.32-7.50 (m, 5H, Ph), 7.95 (s. 1H, 9-H , 872 (8 1 * NH) «C NMR (CDC. 3 270 
MHzV 5-5 4 17 5 18 1 25.6-25.7,34.0. 56.6, 59.8, 62.3, 65.8, 70.7, 106.1. 111.8, 114.0, 116.2, 118.1, 
S 8 4 132 8, 136 1, 144.2, 150.9 ,53.4, 166.1; IR (neat): 3337. 3067, 3034, 2954, 2930, 2*57 2253 1732 1622 
599 1524 495 1464, 1408. 1362. 1336. 1259, 1205, 1166, 1116, 1051, 1026, 992, 914, 839, 778 ^698^647 
Si 11 (relative intensity) 591 0*-, 20,), 534 (15.0), 340 (67.5) 282 (20.9), 252 M 195 32.4). 91 (100.0); 

25 HRMS m/z Calcd for 591 .2765 (C^U^Si). Found 591 .2758; l<xP D = -83.25° (c = 1 .015, CHCI 3 ). 



Deprotected Alcohol (8) 

[01081 Glacial AcOH (15 mL) was added to a stirred solution of the sityl ether 7 (2,0 g, S . 55 mmol) |in THF (10mL) 
» and HJO (1 5 mL). The reaction mixture was allowed to stir at RT and monitored every hour by TLC (Si0 2 , 30 A EtOAc 
petroleum ether ) Over the course of 3 hours AcOH (1 0 mL) was added in two further portions. The m^re wa stined 
fora,o.a.of4hours at which .me the reaction had gone lo completion. The mixture was ^ 
dropwise with a 1 0% solution of NaHC0 3 in H 2 0 (50 mL). The aqueous solution was extracted w,th EtOAc (3x20 mL) 

* in vacuo to give a yellow oil. Flash chromatography (SO* 5% MeOH-CHCy afforded he free a.coh^ 8 0 40 9 2 93 
mmol. 83% as a yellow glass: i H NMR (CDCI 3 , 270 MHz): 8 2.41 -3.02 (m, 2H. 1 -H), 3,3 [^•\%^ 7 ^ A ^' 
6H. 11-H, OMe, OH), 4.61-4.64 (m. 2H, Alloc), 4.76 (m, 1H. 11a-H) 5. 6 (s 2H ©Bn). 553-5 28 (m. 2H. Allocs 
5.87-6.02 (m, 1H, Alloc). 6.53 (s, 1H, 3-H), 6.78 (s, 1H, 6-H). 7.27-7.48 (m, 5H, ^"5 8 IH. 9-H) 8 46 (8 IH. 
NH).«C NMR (CDC 3 . 270 MHz): 5 17.4. 34.8, 56.8, 61.5, 65.1, 65.9, 70.8. 06* 111*' 1*4 116, 11M. 

40 127 7-129 1 1321 132 4 136.0, 144.8, 151 ,, 153.7, 167.3; IR (neat): 3340. 3067, 2934, 2856, 2252 173 ,1601 
523, 455 1407. ^374. 1336, 1226, 1167, 1111. 1048, 1028, 996. 938, 669, 838. 768. 745 69* . 668 6 6, 608; EIMS 
m/z (relative intensity) 477 <W. 14.6), 340 (46.9), 282 (13.0), 91 (100.0): HRMS m/zCalcd for 477.1 900 (C 26 H 27 N 3 0 6 . 
Found 477.1962; laP D = -67.42° (c = 1 .068, CHCI 3 ). 

is NIO-Protected Cyclized PBD (9) 

(0109] A solution o. DMSO (0.75 mL. 10 55 mmol, 3.6 equiv) in freshly distilled CH 2 CI 2 (40 mL) was added dropwise 
at a rapid rate to a stirred solu.ion o, oxaly, ch.oride (2.64 mL o, a 2M solution in CH 2 C 2 , 5.27 mmol 1 ■• 
50"C ("quid nitrogen/chlorobenzene) under a nitrogen atmosphere. After 5m.nu.es st.rr.ng ^^T^T^ 
primary alcoho, 8 (1.40 g. 2.93 mmol, 1 equiv) in CH 2 CI 2 (30 mL) was added dropw.se lo the reac -on m,xtum over 
45minutes. Following stirring at -45°C for 45minu.es the reaction was treated ^^^1°^ * 
mL 12 31 mmol 4 2 equiv) in CH 2 CI 2 (20 mL) over a period of 30minu.os. The m.xture was st.rred for a further 
r0mnu,esa745°Candwas.hena.Led 

o 0-C ind washed with IN HCI ,200 mL). H 2 0 (100 mL). brine (100 mL) ^ «I£>J. Mtered and evapo > 
vacuo to give a yellow foam which was subjected to Hash chromatography (S,0 2 , ^% MeOH-CHC, 3 t .pmv.de he 
pure ring closed compound 9 (0.95 g. 2.00 mmol, 68%) as a slight* yeliow glass: ^H NMR (CDCl3_270 MHz). 5 
o fio -\ 14 fm 2H 1-H) 3 24 (s 2H 12-H), 3.84-3.98 (m, 6H. 11-H, OMe. OH), 4.46 (m, 2H. Alloc), 5.07-5.18 (rn 4H 
SbTaW.^ 80 (m 2H ( AIL! 11a-H). 6.74 (s. 1H. 3-H), 7.04 (s. 1 H, 6-H), 7.24-7.43 (m. 6H, Ph. 9-H) ; «C NMR 
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(CDCU 270MH7V8 17 5 36.5, 56.2, 59.6, 66.9, 71.1 , 85.7, 111 .0, 113.2, 114.7, 116.1 . 118.3, 124.6. 127.3-1 28.7, 131 .7, 
36 0 3 i49 2 15a6. 163.6; IR (neat : 3396. 3089,2938, 2615, 2251. 1707, 1602, 1513, 1432. 1308, 1219. 1113 1045 
918 869 790 735, 698, 648; EIMS m* (relative intensity) 475 (M-. 34.2), 340 (25 4), 339 (35.0). 279 (10^1 34 
(10.6),9l\l00.0);HRMSm/zCalcd1or475.1743(C a6 H 25 N3O 6 ).Found475.1883;laF o = + 101.46°(c = 1.030.CHCl3). 

C2-Cyanomethyl PBD (10, SB-A67) 

[01 10] Triphenylphosphine (25 mg, 0 .095 mmot, 0.05 equiv), pyrrolidine (1 67 ^ 2.0 mmol . 1 .05 ^ "^"{'gi 
56 mo 0 048 mmol. 0.025 equiv) were added sequentially to a stirred solution of the Alloc-compound 9 (900 mg, 1 .90 
mmol ' i equiv) in freshly distilled dry CH 2 CI 2 (1 00 mL). The reaction mixture was allowed to stir at RT under a mtrogen 
atmosphere for 2 hours by which time TLC (Si0 2 , 1% MeOH-CHCI 3 ) revested reaction collet™. The mixture was 
evaporated ft vacuo and the residue applied to a gravity chromatography column (S.0 2 , 1 /. MeOH^HC l 3 ) to isolate 
the PBD SB-A67 (720 mg, 1 .93 mmol. 100%) as a yellow glass: <H NMR (CDCI 3 , 270 "Hz). 3X5-3^40 (m 4H 1-H, 
2-H) 3.95 (s, 3H OMe) 4.38 (m. 1H, 11a-H). 5.21 (s, 2H, OBn), 6.84 (s. 1H. 6-H). 7.06 WW*™^ 
6H Ph 9-H 7 80 (d, 1H. 11a-H, J = 3 Hz); NMR (CDCI 3 , 270 MHz): 5 17.4, 36.8, 53.9, 56.3, 70.9. 111 J, 111.9. 
m.8 %.0. 118.7' 120.7, 127.1-128.7. 132.0. 136.0. 140.2. 148.3. 151.2, 161.8; IR (neat). 33* L2931 225 222 2, 
1604 1508 1437 1247. 1120, 1000. 913, 874, 724, 697, 542; EIMS m/Z (relative intens.ty) 373 (M-, 9 8), 371 (24.4), 
280 (12.5), 91 (100.0); HRMS m/z Calcd for 373.1426 (C^H^O,). Found 373.1364; [«F D = 254.5° (c = 1.045, 
CHCIj). 

Example 1(b). Synthesis of the 2-Methoxycarbonvlmethyt PBD (24, SJG-245)( see Figure 2) 
[0111] 



BnO ~ , 



MeO 




(2S,4R)-rV-(Allyloxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (12) 

[0112] A solution of allyl ch.oroformate (29.2 mL, 33.2 g. 275 mmol) in THF (30 mL) was add ed dropwise .0 a , au* 
pension of frans-4-hydroxy-L-pro.ine (11) (30 g, 229 mmol) in a mixture of THF (150 mL) and H^C . (150 mL , a 0 C 
fice/acetone). whilst maintaining the P H at 9 with 4 N NaOH. After stirring at 0°C for 1 hour at P H 9. the aqueous ; layer 
was saturated with Nad. and the mixture diluted with EtOAc (100 mL). The aqueous layer was 
with EtOAc (1 00 mL) and the pH adjusted to 2 with cone. HCI. The resulting milky emuls.on was extracted w.tt .EtOAc 
(2 X 100 mL). washed with brine (200 mL). dried (MgS0 4 ), filtered and evaporated in c ~'* 
i 2 as a clear viscous oi, (42.6 g. 87%). ]«P 0 = -62.1 ' (c - 0.69, MeOH); * I NMR (270 MHz ^OUSO^ 
(flotamers) o 5.98-5.81 (m. 1H. NC0 2 CH 2 CH=CH 2 ), 5.40-5.14 (m. '^^^f^z ts m 2H 
NCO.CH^CH,, NCH 2 CHOHCH 2 and CW0 2 H), 3.82-3.51 (m. 2H NO ^HOHCHg , 2.3 <J* * 
NCH 2 CHOHCH 2 ); 13 C NMR (67.8 MHz. CDCI3 + DM SO) (Rotamers) 6 "™™«" A *^"^ 1 f NCH S 
(NC=0) 132.9 and 132.8 (NC0 2 CH 2 CH=CH 2 ), 117.6 and 116.7 (NC0 2 CH 2 CH=CH 2 ), 69 5 ™" B * ^^J 1 ^' 
65.9 and 65.8 (NCO^CH-ChJ 58.0 and 57.7 (CHC0 2 H), 55.0 and 54.5 (^CHOH) 39.3 nd M 
(NCH 2 CHOHCH 2 ); MS (B). «* (relative intensity) 215 (M*\ 10) ™ 

M-C0 2 C 3 H 5 , 97), 126 (34). 112 (50). 108 (58). 86 (11). 68 (86). 56 (19); IR (Neat) 3500-2100 (br, OH 2950, 1745 
and 1687 (b* C=0), 1435. 1415. 1346, 1262, 1207. 1174. 1133. 1082.993, 771 cm '; exact mass calcd lor C 9 H 13 N0 5 

m/e 21 5.0794, obsd nVc 21 5.0791 . 

Methyl (2S,4fl)-W-(Allyloxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (13) 

[0113] A catalytic amount of concentrated H 2 SO, (4.5 mL) was added to a solution of Alloc-hydroxyproline (12) (43 
g. 200 mmol) in MeOH (300 mL) a. 10°C (ice) and the reaction mixture was then heated at reflux for 2 h. : AJe^otaj 
to room temperature the reaction mixture was treated with TEA (43 mL) and the MeOH evaporated ,n vacuo. The 
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residue was dissolved in EtOAc (300 mL) t washed with brine (200 mL), dried (MgS0 4 ), filtered and concentrated in 
vacuo to give a viscous oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) removed the high R ( 
impurity to provide Ihe pure ester 13 as a transparent yellow oil (19.6 g. 43%): [a] 23 D = -7^.0° (c = 0.35, CHCI3); 1 H 
NMR (270 MHz, CDCI 3 ) (Rotamers) 5 5.98-5.78 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.35-5.16 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 

5 4.65-4.45 (m, 4H, NC0 2 CH 2 CH==CH 2 , NCH 2 CHOHCH 2 and NCHC0 2 CH 3 ), 3.75 and 3.72 (s x 2, 3H, OCH 3 ), 3.70-3.54 
(m, 2H, NCH^CHOHCK,), 3.13 and 3.01 (br s x 2, 1H, OH), 2.39-2.03 (m, 2H, NCH 2 CHOHCH P ); 1 3C NMR (67.8 MHz, 
CDCI3) (Rotamers) 5 173.4 and 173.2 (C0 2 CH 3 ), 155.0 and 154.6 (NC-O), 132.6 and 1324 (NC0 2 CH 2 CH=CH 2 ), 
117.6 and 117 3 (NC0 2 CH 2 CH=CH 2 ), 70.0 and 69.2 (NCH 2 CHOH), 66.2 (NC0 2 CH 2 CH=CH 2 ), 57.9 and 57.7 
(NCHC0 2 CH 3 ), 55.2 and 54.6 (NCH 2 CHOH), 52.4 (OCH3), 39.1 and 38.4 (NCH 2 CHOHCH 2 ); MS (El), m/z (relative 

10 intensity) 229 (M+\ 7), 170 (M-C0 2 Me, 100), 144 (M- C0 2 C 3 H 5: 12), 126 (26), 108 (20), 68 (7), 56 (8); IR (Neat) 3438 
(br. OH). 2954, 1750 and 1694 (br, 00), 1435, 1413, 1345, 1278, 1206, 1130. 1086, 994, 771 cnr'; exact mass calcd 
for C 10 H 15 NO 5 m/e 229.0950, obsd m/e 229.0940. 

(2S,4H)-A/-(Allyloxycarbonyl)-4-hydroxy-2-(hydroxymethyl) pyrrolidine (14) 

15 

[0114] A solution of the ester 13 (19.5 g, 85 mmol) in THF (326 mL) was cooled to 0°C (ice/acetone) and treated 
with UBH 4 (2.78 g, 128 mmol) in portions. The reaction mixture was allowed to warm to room temperature and stirred 
under a nitrogen atmosphere for 2.5 hours at which time TLC (50% EtOAc/Pct role urn Elher) revealed complete con- 
sumption of ester 13. The mixture was cooled to 0°C and water (108 mL) was carefully added followed by 2 N HCI (54 
20 mL). After evaporation of the THF in vacuo, the mixture was neutralised to pH 7 with 10 N NaOH and saturated with 
solid NaCI. The saturated aqueous solution was then extracted with EtOAc (5 X 1 00 mL). the combined organic layers 
washed with brine (200 mL), dried (MgS0 4 ) ; filtered and evaporated in vacuo to furnish the pure diol 14 as a clear 
colourless oil (16.97 g, 99%): 

[a| 24 D = -57.0* (c= 0.61 , CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) S 6.01 -5.87 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.36-5.20 (m, 
9S 2H : NC0 2 CH 2 CH=CH 2 ), 4.84 (br s, 1H, NCHCH 2 OH), 4.60 (d, 2H, J = 5.31 Hz, NC0 2 CH 2 CH=CH 2 ), 4.39 (br e. 1H, 
NCHC8 2 OH) ; 4.18-4.08 (m, 1H, 3.35, NCH 2 CHOH), 3.90-3.35 (m, 4H, NCH 2 CHOH, IMCHCH 2 OH, and OH), 3.04 (br 
s r 1H : OH), 2.11-2.03 (m, 1H, NCH 2 CHQHCH 2 ), 1.78-1.69 (m, 1H. NCH 2 CHOHCH 2 ); ™C NMR (67.8 MHz, CDCI 3 ) 5 
157.1 (NC^O) : 132.6 (NC0 2 CH 2 CH=CH 2 ), 117.7 (NC0 2 CH 2 CH=CH 2 ), 69.2 (NCH 2 CHOH), 66.4 and 66.2 
(NC0 2 CH 2 CH=CH 2 and NCHCH 2 OH), 59.2 (NCHCH 2 OH), 55.5 (NCH 2 CH0H), 37 3 (NCH 2 CHOHCH 2 ); MS (El), m/ 
30 z (relative intensity) 201 (M + ~, 2), 170 (M-CH 2 OH, 100), 144 (M-OC 3 H 5 , 6), 126 (26), 108 (20) r 68 (9); IR (Neat) 3394 
(br. OH). 2946. 2870. 1679 (C=0) : 1413, 1339, 1194, 1126.. 1054. 980, 772 cm 1 ; exact mass calcd for C 9 H 15 N0 4 m/ 
e201 1001, obsd m/e 201. 1028. 

(2S,4ff)-M(AMyloxycarbonyl)-2-(fert-butyldirn^^ (15) 

35 

[0115) A solution of the diol 14 (16.97 g, 84 mmol) in CH 2 CI 2 (235 mL) was treated with TEA (11.7 mL, 8.5 g, 84 
mmol) and stirred for 15minutes at room temperature. TBDMSCI (9.72 g, 64 mmol) and DBU (16.8 mmol, 2.51 mL, 
2.56 g) were added and the reaction mixture stirred for a further 1 6 hours under a nitrogen atmosphere. The reaction 
mixture was diluted with EtOAc (500 mL), washed with saturated NH 4 Ct (160 mL), brine (160 mL). dried (MgS0 4 ), 

40 filtered and evaporated in vacuoio give an oil which was a mixture of the required product (major component), unreacted 
diol and the presumed disilyated compound by TLC (50% EtOAc/Petroleum Ether). Flash chromatography (20-100% 
EtO Ac/Petroleum Ether) isolated the 3 components, to provide the monosilylated compound 15 as a slightly yellow 
transparent oil (13.85 g : 52%): [a] 21 0 - -58.6 0 (c = 1 .14, CHCt 3 ) ; »H NMR (270 MHz, CDCI 3 ) (Rotamers) o 6.01-5.86 
(m : 1H, NCO 2 0H 2 C/-fc-CH 2 ), 5.34-5.18 (m, 2H, NC0 2 CH 2 CH=C^), 4.59-4.49 (m, 3H, NC0 2 CH2CH=CH 2 and 

45 NCHCH 2 OTBDMS), 4.06-3.50 (m, 5H, NCH 2 CHOH, NCH 2 Ch/OH and NCHCH 2 OTBDMS), 2.20-2.01 (m r 2H, 
NCH 2 CHOHCH 2 ), 0.87 (s, 9H, SiC(CH 3 ) 3 ), 0.0 (s r 6H, Si(CH 3 ) 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 155.0 
(NC=0). 133.1 (NC0 2 CH 2 CH-CH 2 ), 117 6 and 117.1 (NC0 2 CH 2 CH=CH 2 ), 70.3 and 69.7 (NCH 2 CHOH), 65.9 and 
65.6 (NC0 2 CH 2 CH--CH 2 ), 63.9 and 62.8 (NCHCH 2 OTBDMS), 57.8 and 57.4 (NCHCH 2 OTBDMS), 55.7 and 55.2 
(NCH 2 CHOH). 37.3 and 36.6 (NCH 2 CHOHCH 2 ), 25.9 (SiC(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.5 (SKCH^); MS (El), m/z 

so (relative intensity) 316 (M-*~ + 1 , 29), 31 5 (M + \ 4) : 300 (M-CH 3 , 26), 284 (4), 261 (8), 260 (50) : 259 (1 00), 258 (M-OC 3 H 5 
or M-'Bu. 100), 218 (13), 215(10), 214 (52), 200 (12), 170 (M-CH 2 OTBDMS, 100), 156 (40), 126 (58), 115 (33), 108 
(41), 75 (35); IR (Neat) 3422 (br, OH), 2954, 2858, 1682 (C-O), 1467, 1434, 1412 (SiCH 3 ), 1358, 1330, 1255 (SiCH 3 ), 
1196. 1180, 1120, 1054, 995, 919, 837, 776, 669 cnr 1 ; exact mass catcd for C^H^NO^i m/e 315.1866, obsd m/e 
315.1946. 
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(2S)-A^(Allyloxycarbonyl)-2-(ferf-butyldimethylsilyloxyrnethyl)-4-oxopyrrolidine (16). 
Method A: 

s [0116] A solution of DMSO (12.9 ml, 14.3 g, 183 mmol) in CH 2 CI 2 (90 mL) was added dropwise to a solution of 
oxalyl chloride (45.1 mL of a 2.0 M solution in CH 2 CI 2 , 90.2 mmol) at -60°C (dry ice/acetone) under a nitrogen atmos- 
phere. After stirring at -70°C for 30minutes, a solution of the alcohol 15 (25.8 g, 81 .9 mmol) dissolved in CH 2 CI 2 (215 
mL) was added dropwise at -60°C. After 1 .5 hours at -70°C, the mixture was treated dropwise with TEA (57.2 mL, 41 .5 
g, 410 mmol) and allowed to warm to 10°C. The reaction mixture was treated with brine (150 mL) and acidified to pH 

10 3 with cone. HCI. The layers were separated and the organic phase washed with brine (200 mL), dried (MgS0 4 ), filtered 
and concentrated in vacuo to give an orange oil. Purification by flash chromatography (40% EtO Ac/Petroleum Ether) 
furnished the ketone 16 as a pale yellow oil (24.24 g, 95%): 

Method B: 

15 

[0117] A solution of the alcohol 15 (4.5 g, 14.3 mmol) in CH 2 CI 2 (67.5 mL) was treated with CH 3 CN (7.5 mL), 4 A 
powdered molecular sieves (3.54 g) and NMO (2.4 g r 20.5 mmol). After 15minutes stirring at room temperature, TPAP 
(0.24 g, 0.7 mmol) was added to the reaction mixture and a colour change (green -> black) was observed. The reaction 
mixture was allowed to stir (or a further 2.5 hours at which lime complete consumption of starting material was observed 

20 by TLC (50% EtO Ac/Petroleum ether 40 °- 60°). The black mixture was concentrated in vacuo and the pure ketone 16 
was obtained by flash chromatography (507o EtOAc/Petroleum Ether) as a golden oil (4.1 g, 92%): [a] 22 D = * 1.25 ° (c 
= 10.0, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 6.0-5.90 (m, 1H, NC0 2 CH 2 CH^CH 2 ), 5.35-5.22 (m, 2H, 
NC0 2 CH 2 CH=CH 2 ) : 4.65-4.63 (m, 2H, NC0 2 CH 2 CH^CH 2 ), 4.48-4.40 (m, 1H, NCHCH 2 OTBDMS), 4.14-3.56 (m ; 4H f 
NCH^O and NCHCH^OTBDMS), 2.74-2.64 (m, 1H, NCH 2 C«0CH 2 ), 2.46 (d, 1H, J= 18.69 Hz, NCH 2 C=0CH 2 ), 

25 0.85 (s, 9H, S\C(CH^ 3 ), 0.0 (s, 6H, Si(CH 3 ) 2 ); 13 C NMR (67.8 MHz, CDCI3) (Rotamers) 6210.1 (C=0), 154.1 (NC=0), 
132.7 (NC0 2 CH 2 CH-CH 2 ), 118.0 and 117.7 (NC0 2 CH 2 CH= CH 2 ), 66.0 and 65.8 <NC0 2 CH 2 CH-CH 2 ) ( 65.0 
(NCHCH 2 OTBDMS) ( 55.7 (NCHCH 2 OTBDMS), 53.6 (NCH 2 C=0), 40.8 and 40.1 (NCH 2 C=OCH 2 ), 25.7 (810(0)3)3), 
1 8. 1 (SiC(CH 3 )3), -5.7 and - 5.8 (SKCH 3 ) 2 ); MS (CI), m/z (relative intensity) 314 (M 4 ' + 1 , 1 00), 256 (M-OC 3 H 5 or M-tRu, 
65); IR (Neat) 2930 : 2858, 1767 (C=0), 1709 (NC--0), 1409 (SiCH 3 ), 1362, 1316, 1259 (SiCH 3 ), 1198, 1169, 1103, 

30 1016, 938, 873, 837, 778, 683 cm 1 ; exact masscalcd for C 15 H 27 N0 4 Si m/e313.1710. obsd m/e313.1714. 

(2S)-AMAIIyloxycarbonyl)-2-(te^butyldimethyte^ 
(17). 

35 [01 18] Petroleum ether 40°-60° (100 mL) was added to a sample of NaH (0.80 g of a 60% dispersion in oil, 20.12 
mmol) and stirred at room lemperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle 
and the Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (100 mL) was 
added to the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise 
with a solution of methyldiethylphosphonoacetate (3.69 mL, 4.23 g, 20.12 mmol) in THF (100 mL) under nitrogen. After 

40 1 hour at room temperature, the mixture was cooled to 0°C and treated dropwise with a solution of the ketone 1 6 (3.0 
g, 9.58 mmol) in THF (30 mL) under nitrogen. After 16 hours at room temperature, TLC (50% EtOAc/Petroleum Ether) 
revealed the complete consumption of ketone and further TLC (5% EtOAc/Petroleum Ether) revealed the formation of 
mainly the exo-product. The reaction mixture was cooled to 0°C (ice/acetone) and transferred via a double-tipped 
. needle under nitrogen to another flask containing NaH (0.40 g of a 60% dispersion in oil, 10.1 mmol) at 0°C : freshly 

is washed as above. The reaction mixture was maintained at 0 0 C, and after 40minutes TLC revealed the almost complete 
conversion to endo-product. The THF was evaporated in vacuo and the mixture partitioned between saturated NaHC0 3 
(100 mL) and EtO Ac (100 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 50 mL). 
The combined organic layers were washed with brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to 
give an orange oil. Purification by flash chromatography (5% EtOAc/Petroleum Ether) furnished the endo-ester 17 

50 (2.22 g, 63%): [a?* D = -97.7 • (c- 2.78, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 6.47 and 6.42 (br s x 2, 1H, 
NCH^CCH 2 C0 2 CH 3 ), 5.98-5.86 (m, 1H, NC0 2 CH 2 CH-CH 2 ), 5.31 (d, 1H, J= 16.85 Hz, NC0 2 CH 2 CH=CH2), 5.22 (d, 
1H, J= 10.62 Hz, NC0 2 CH 2 CH=CH 2 ), 4.65-4.49 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 4.37-4.18 (m, 1H, NCHCH 2 OTBDMS), 
3.76-3.69 (m, 5H, NCHCH 2 OTBDMS and C0 2 CH 3 ), 3.09 (br s, 2H, NCH=CCH2C0 2 CH 3 ), 2.86-2.80 (m, 1H, 
NCH-CCH 2 C0 2 CH 3 CH 2 ), 2.59 (d, 1H, J - 17.40 Hz, NCH=CCH 2 C0 2 CH 3 CH 2 ), 0.87 (s, 9H, SiC(CH 3 ) 3 ), 0.04 and 

55 0.03 (s x 2, 6H, S\{CHJ 2 )\ 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 171.2 (C0 2 CH 3 ), 151.9 (NC-O), 132.8 
(NC0 2 CH 2 CH-CH 2 ), 127.1 and 126.4 (NCH=rCCH 2 C0 2 CH 3 ), 118 0 and 117.7 (NC0 2 CH 2 CH=CH 2 ), 114.6 
(NCH=CCH 2 C0 2 CH 3 ), 65.9 (NC0 2 CH 2 CH=CH 2 ), 63.4 and 62.6 (NCHCH 2 OTBDMS), 59.0 and 58.7 
(NCHCH 2 OTBDMS), 51 .9 (C0 2 CH 3 ), 36.0 and 34.8 (NCH=CCH 2 C0 2 CH 3 CH 2 ), 34.2 and 33.9 (NCH=CCH 2 C0 2 CH 3 ), 
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25.8 (SiC(CH 3 ) 3 ), 18.2 (SiQCHjg), -5.4 and -5.5 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 369 (W, 58) 354 (28) 
326 (31), 312 (M-OC 3 H 5 or M-'Bu, 100), 268 (80), 236 (21), 227 (86), 210 (22). 192 (22), 168 (93), 152 (55) 138 (22)' 
120(79), 89(70), 73(75); IR (NEAT) 3086 ; 2954 2930,2885,2857,1744.1709.1670 1463 1435 1413 1362 1337 
1301, 1253, 1195, 1107, 1064, 1014. 983, 937, 887, 838, 778, 758, 680, 662 555 cnr'; exact mass ca'lcd for 
C 18 H 31 N0 5 Sim/e 369.1 972, obsd m/e 369. 1868. 

(2S)-2-(te^butyldimethylsHy1oxy^^ (18) 

[01 19] A catalytic amount of PdCI 2 (PPh 3 ) 2 (84 mg, 0.12 mmol) was added to a stirred solution of the ally! carbamate 
17 (1 .10 g, 2.98 mmol) and H 2 0 (0.32 mL, 1 7.8 mmol) in CH 2 CI 2 (36 ml_). After Sminutes stirring at room temperature 
Bu 3 SnH (0.89 mL, 0.96 g, 3.30 mmol) was added rapidly in one portion. A slightly exothermic reaction with vigorous 
gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
time TLC (50% EtOAc/Petroleum Ether) revealed the formation of amine along with the complete consumption of 
starting material. After diluting with CH 2 CI 2 (30 mL), the organic solution was dried (MgS0 4 ), filtered and evaporated 
m vacuo to give an orange oil which was purified by flash chromatography (50% EtOAc/Petroleum Ether) to afford the 
enamine 18 as a slightly , orange oil (0.57 g, 67%): 1 H NMR (270 MHz, CDCI 3 ) 6 7.53 and 7.48 (br s x 2 1H 
NCW=CCH 2 C0 2 CH 3 ), 4.35-4.13 (m, 1H, NCHCH 2 OTBDMS), 3.82-3.17 (m, 7H, NCH=CCH,CO 'cH ' 
NCHCH 2 OTBDMS and CC^CHj), 2.64-2.04 <m, 2H, NCH=CCH 2 C0 2 CH 3 CH 2 ), 0.90-0.88 (m, 9H. SiC(CH 3 ) 3 )! 
0.09-0.00 (m, 6H, Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 285 (M*\ 1), 270 (M-CH 3 7) 254 (6) 242 (4) 230 (6) 
228 (M-'Bu, 100), 212 (4), 196 (3), 168 (13), 115 (3), 89 (10), 80 (4), 73 (13); MS (CI), m/z {relative intensity) 342 (M- 
+57, 7) : 302(M-+17, 7), 286(M + +1, 100), 228 (M-'Bu, 100). 

(2S)^(4-Ben^loxy-5-methoxy-2-nitroben2oyl)-2-(fer^butyldimethylsilyloxymethyl>- 
4-(methoxycarbonylmethy l)-2,3-dihydropyrrore (1 9). 

[0120) A catalytic amount of DMF (2 drops) was added to a stirred solution of the acid 1 (0.506 g 1 67 mmol) and 
oxalyl chloride (0.17 mL, 0.25 g, 1.98 mmol) in CH 2 CI 2 (33 mL). After 16 hours at room temperature the acid chloride 
solution was added dropwise to a stirred mixture of the enamine 18 (0.524 g, 1 .84 mmol) and TEA (0.47 g, 0.65 mL, 
4.60 mmol) in CH 2 CI 2 (12 mL) at 0 C C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was allowed 
to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with Cr^Ct, (50 mL) washed with 
saturated NaHC0 3 (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL) ; brine (50 mL), dried (MgS0 4 ), filtered and evap- 
orated m vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (25% EtOAc/ 
Petroleum Ether) isolated the pure enamide 19 as an orange oil (0.55 g, 58%): 1 H NMR (270 MHz CDCI 3 ) 5 7 77 (s 
1 H arcm). 7.45-7.28 (m, 5H arom ) t 6.81 (s, 1 H arom ), 5.80 (s, 1 H t NCH-CCH 2 C0 2 CH 3 ), 5.22 (s, 2H, PhCH/)), 4.76-4.64 
im, 1H, NCHCH 2 OTBDMS), 3.97 (s, 3H, OCHJ, 3.72-3.66 (m, 5H, NCHCH,OTBDMS and C0 2 CHJ 3 02 (s 2H 
NCH-CCHjCOaCHa), 3.01 -2.63 (m,2H, NCH=CCH 2 C0 2 CH 3 CH 2 ), 0.90 (s. 9KSiC(CH 3 ) 3 ), 0.11 (s, 6H SifCHO-V 13 C 
NMR (67.8 MHz, CDC! 3 ) 5 170.7 (C0 2 CH 3 ). 154.6 (NCfeO), 148.3 (C arom ), 137.6 (C arom ), 135.2 (C arom ), 128.8 128.5 
and 127.6 (BnC-H aro J, 126.7 (C arom ), 126.1 (NCH^CC^CO.CH^, 118.8 (NCH=CCH 2 C0 2 CH 3 ), 1099 (C-H ar ) 
109.0 (C-H arom ). 71 .3 <PhCH 2 0), 60.7 (NCHCH 2 OTBDMS), 59.0 (NCHCH 2 OTBDMS), 56.7 (0CH 3 ) 52 0 (COoCH,) 
35.1 (NCH=CCH 2 C0 2 CH 3 ), 33.8 (NCH=CCH 2 C0 2 CH 3 CH 2 ), 25.8 (SiC(CH 3 ) 3 ) t 18.2 (SiC(CH 3 ) 3 ), -5.3 and -5.4 (Si 
(CH 3 ) 2 ). 

(2S)-AH4-Benzyloxy-5-methoxy-2-nitroben 
2,3-dihydropyrrole (20). 

[0121} A solution of the silyl protected compound 274 (0.45 g, 0.79 mmol) in THF (8 mL) was treated with H 2 0 (8 
mL) and glacial acetic acid (24 mL). After 5 hours stirring at room temperature TLC (50% EtO Ac/Petroleum Ether) 
showed the complete consumption of starting material. The mixture was carefully added dropwise to a stirred solution 
of NaHCO a (64 g) in H 2 0 (640 mL) and extracted with EtOAc (3 X 100 mL). The combined organic layers were washed 
with H 2 0 (100 mL), brine (1 00 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to give the crude product as an 
orange glass. Purification by flash chromatography (80% EtOAc/Petroleum Ether) furnished the pure alcohol 20 as a 
light orange glass (0.35 g, 98%): *H NMR (270 MH Z , CDCI 3 ) 8 7.78 (s, 1 H aro J, 7.48-7.33 (m, 5H arwn ), 6.86 (s, 1 H arom ). 
5.82 (s, 1H, NCH=CCH 2 C0 2 CH 3 ), 5.22 (s, 2H, PhCH 2 0), 4.81-4.71 (m, 1H. NCHCH 2 OH), 3.98-3 92 (m, 5H 
NCHCH 2 OH andOCHj), 3.72 (s, 3H, C0 2 CH 3 ) ? 3.10-2.22 (m, 3H, NCH*CC^C0 2 CH 3 and NCH^CCH 2 C0 2 CH 3 CH 2 ) 
2.50-2.35 (m, 1H, NCH=CCH 2 Cp 2 CH 3 CHt) I 13 C NMR (67.8 MHz, CDCI 3 ) 5 170.6 (C0 2 CH 3 ), 154.8 (NCbO), 148.5 
(^arom). 137.5 (C arom ), 135.1 (C a , orn ), 128.9, 128.6 and 127.6 (BnC-H^), 126.2 (NCH=CCH 2 C0 2 CH 3 ) 1194 
(NCH^CCH 2 C0 2 CH 3 ), 109.8 (CH 0fora ) t 109.0 (C-H arom ), 71.4 (PhCH 2 0), 61.5 (NCHCH 2 OH), 61.4 (NCHOUOH), 
56.8 (OCH 3 ), 52.1 (C0 2 CH 3 ), 35.6 (NCH=CCH 2 C0 2 CH 3 ), 33.5 (NCH=CCH 2 C0 2 CH 3 CH 2 ); MS (Et), mfe (relative in- 



26 



EP1 193 270 A2 

tensity) 456 (I*-, 7), 286 (M-IMCHC=CH 2 C0 2 CH 3 CH 2 CHCH 2 OH, 25), 270 (NCHC=CH 2 C0 2 CH 3 CH 2 CHCH 2 OH, 6), 
91 (PhCH 2 , 100), 80 (6); exact mass calcd for C^H^N^e m/e 456.1533, obsd m/e 456.1557. 

(2S)-A^(2-Amino-4-benzyloxy-5.rnethoxyben2oyl)-2-(hydroxymethyl)-4-(methoxycarbonylmethyl)- 
5 2,3-dihydropyrrole (21). 

[0122] A solution ol the nilro-alcohol 20 (0.35 g, 0.77 mmol) and SnO^O (0.87 g, 3.86 mmol) in methanol (16 
mL) was heated to reflux and monitored by TLC (90% CHCIj/MeOH). After 1 hour the MeOH was evaporated in vacuo 
and the resulting residue cooled (ice), and treated carefully with saturated NaHC0 3 (65 mL). The mixture was d.luted 
to with ElOAc (65 mL) and after 16 hours stirring at room temperature the inorganic precipitate was removed by filtration 
through celite. The organic layer was separated, washed with brine (100 mL), dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the crude amine 21 as a pate orange glass (0.29 g, 88%) which was carried through to the next step 
without further purification or analysis due lo the instability of the amine. 

is (2S)-N-[(2-Allyloxycarbonylamino)-4-benzyloxy-5-niethoxybenzoyl]-2-(hydroxymethyl)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (22) 

[0123] A solution of the amino-alcohol 21 (0.29 g, 0.68 mmol) In CH 2 CI 2 (1 2 mL) was cooled lo 0°C (ice/acetone) 
and treated with pyridine (0.11 mL, 0.11 g, 1.39 mmol). A solution of allyl chloroformate (79 pL, 90 mg, 0.75 mmol) in 

20 CH,CI 7 (1 0 ml) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stined for a further 2.5 h, at which point TLC (EtOAc) revealed complete consumption of the amine 
21. The mixture was diluted with C^CL, (30 mL) and washed with saturated CuS0 4 (20 mL), H 2 0 (20 mL), bnne (20 
mL) dried (MgSCg, filtered and evaporated in vacuo. The crude residue was purified by flash chromatography (70 A 
EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 22 as a colourless glass (0.14 g, 40%): H NMR 

25 (270 MHz. CDCI3) 5 8.58 (br s, 1H, NH), 7.88 (br s, 1H arom ). 7.50-7.29 (m, 5H arom ). 6.83 (s, 1 H^J. 6.42 (br S, 1H, 
NC/*CCH 2 C0 2 CH 5 ), 6.03-5.89 (m. 1H, NC0 2 CH 2 C/+=CH 2 ), 5.39-5.22 (m, 2H, NCC^CH.CH^CHj), 5.18 (s^ 2H 
PhCH 2 0) 4 77-4 73 (m, 1 H, NCHCH 2 OH), 4.65-4.62 (m. 2H, NCO.CH.CH^). 4.32-3.84 (m, 5H, NCHCH 2 OH and 
OCH,) 3.69 (s. 3H, C0 2 CH 3 ). 3 09 (S, 2H, NCH=CCH 2 C0 2 CH 3 ), 3.05-2.95 (m, 1H, NCH=--CCH 2 C0 2 CH 3 CH 2 ) 2^35 
(dd 1H J= 3 76, 16.72 H7, NCH=CCH 2 C0 2 CH 3 CH 2 ) ; ^ NMR (67.8 MH7, CDCy 5 170.6 (C0 2 CH 3 ). 167 4 

*> (NCO omkle ), 153.5 (NC^^). 151.1 (C ar0 J, 144.4 (C aronl ) 136.1 (CJ, 132.6 (<^-™ A 
(NCO,CH,CH=CH 2 ), 128.6, 128.1 and 127.7 (BnC-H aro J, 118.5 <NCH=OCH 2 C0 2 CH 3 )J18^ NC0 2 CH^H=OH 2 , 
12 1 (C-H arom ), 106.3 (OH arom ). 70.7<PhCH 2 O). 66.5 (NCHCH 2 OH). 65.9 (NC0 2 CH 2 CH=CH 2 ),61^^ . (NCHCH 2 OH). 
56 7 (OCH™ 52.1 (C0 2 CH 3 ) 35.6 (NCH-CCH 2 C0 2 CH 3 ). 33.6 < N CH=CCH 2 C0 2 CH 3 CH 2 ) ; MS (FAB), nVz (relahve 
intensity) 618 { W I Thlglycerol. 2), 51 1 (M- r 1 , 5), 510 (M + ", 1 ), 340 (M .NCH=CCH 2 C0 2 CH ffjfiW*. 20 >> 

as 300 (3). 282 (14), 256 (7), 192 (6), 171 (16), 149 (22), 140 (12), 112 (4), 91 (PhCH 2 , 100), 80 (6), 65 (1), 57 (3). 

(11 S,11aS)-10-Allyloxycarb O nyl-8-benzyloxy-1 1-hydroxy-7-methoxy-2-(methoxycarbonylmethyl)-1 .10,11 ,1 1a- 
tetrahydro-5>f pyrrolo[2,1 -c)[1 ,4]benzodiazepin-5-one (23). 

[01 24] A solution of the alcohol 22 (0.1 4 g. 0.28 mmol) in CH 2 CI 2 /CH 3 CN (1 2 mL, 3: 1 ) was treated with 4 A powdered 
molecular sieves (0.15 g) and NMO (49 mg, 0.42 mmol). After 15minutes stirring at ^^^'^l™ 
mg 14 umol) was added and stirring continued lor a further 1 hour 30minutesutes at which po.nt TLC (80 /. EtOAc/ 
Petroleum Ether) showed product formation along with some unoxidised starting material.The mixture was ther .treated 
with a further quantity of NMO (49 mg, 0.42 mmol) and TPAP (4.9 mg, 14 pmol), and allowed to stir for a further £5 
hours when TLC revealed reaction completion. The mixture was evaporated in vact/oonto silica and sub ected to flash 
chromatography (60% EtO Ac/Petroleum Ether) to provide the protected carbinolamine 23 as a colourless glass (39 
mg, 28%): <H NHR (270 MHz. COCI 3 ) 8 7.43-7.25 (m, 6H arom ), 6.90 (b, s, 1H ar4m ), 6.74 ^^^^^J}' 
5.79-5.64 (m, 1H, NC0 2 CH 2 CH=CH 2 ). 5.77 (d, 1H. J- 10.26 Hz, NCHCHOH), 5.19-5.06 (m, 4H, NC0 2 CH 2 CH=CH 2 
and PhCH 2 0). 4.64-4.45 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 4.1 8-3.83 (m. 4H. OCH 3 and NCHCHOH), 3.71 1 (s 3H C0 2 C^ 
3.19 (S, 2H, NCH^CC^COaCH;,), 3.09 (dd, 1H, J- 11.09, 16.70 Hz, NCH^CCH 2 C0 2 CH 3 CH 2 ), 2 74 <d 1H. J= 7^03 
H7, NCH=CCH,CO,CH 3 CH 2 ); 13C NMR (67.8 MHz, CDCI 3 ) 8 170.7 (C0 2 CH 3 ), 163.3 (NC= CW. JS5.9 
iiir o Cicfi'itr ^1491(C 1136KC ) 1 31 8 (NC0 2 CH 2 CH=CH,). 1 28.7, 128.2 and 127.3 (BnC- 

H ar0 J, 126.2 (NCH^CH.CO^H;,), 125.1 (C al0m ), 118.1 (NC0 2 CH 2 CH=CH 2 ), 1 1 7.7 < NCH =^^2^'' " 
(C.H a " ), 1110 ,C-H arom ). 85 9 (NCHCHOH). 71.1 (PhCH 2 0). 66.8 (NC0 2 CH 2 CH.CH 2 ), 59.5 (NCHCHOH), 56^2 
OCH 3 ) 52.1 (C0 2 CH 3 r37.0 (NCH,CCH 2 C0 2 CH 3 ), 33.7 (NCH=CCH 2 C0 2 CH 3 0. 2 ); MS (El), m/z (relative in ens,*) 
508 (M-. 16). 449 (3). 422 (3), 404 (2), 368 (3), 340 (19). 324 (2), 282 (6), 255 (2), 225 (1). 206 (2) 192 (3) 169 jfl. 
15? (2) 140 (10) 131 (5), 108 (5), 91 (PhCH 2 , 100), 80 (9), 57 (9); IP. (NUJOL®) 3600-2500 (br, OH), ^\2B53 
2360, 1715, 1602. 1514, 1462, 1377, 1271. 1219. 1169. 1045. 722, 699; exact mass calcd for Cj, 7 H 28 N 2 0 8 m/e 
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508.1846, obsd nVe 508.1791. 

(IIRIIaSJ&lllRllaSJ-B-Benzyloxy-T.ll^llmethoxy-a-tmethoxycarbonylmethyO-I.IO.II.IIa-tetrahydro-SW- 
pyrrolo[2,1-c][1,4]benzodiazepin-5-one(24, SJG-245). 

{01 25] A catalytic amount of tetrakis(lriphenylphosphine)palladium (5.0 mg, 4.33 timol) was added to a stirred solution 
ol the Alloc-protected carbinolamine 23 (88 mg, 0.17 mmol), triphenytphosphine (2.27 mg, 8.65 nmd) and pyrrolidine 
(13 mg, 0.18 mmol) in CH 2 CI 2 (15 mL). Alter 2 hours stirring at room temperature under a nitrogen atmosphere, TLC 
(80% ElOAc/Petroleum Ethet) revealed the complete consumption ot starting material. The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (60% EtOAc/Petroleum Ether) to affordthe novel 
PBD (SJG-245) as a colourless glass -54 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 in order to 
provide the N10-C11 imine form 24: 'H NMR (270 MHz, CDCI 3 ) (imine) 5 7.80 (d, 1H, J = 4.03 Hz, HC=N), 7.50 (s, 
1H m ) 7.45-7.26 (m. 5H aro J, 6.91 (br s, 1H, NCH=CCH 2 C0 2 CH 3 ). 6.83 (s, 1H arom ). 5.21-5.12 (m, 2H. PhCH 2 0) 
3 94 (s 3H OCH 3 ), 373 (s. 3H, C0 2 CH 3 ), 3.23 (s, 2H. NCH=CCH 2 C0 2 CH 3 ), 3.15 (m, 2H, 
NCH=CCH,CO s CH 3 CH 2 ); «C NMR (67.8 MHz, CDCI3) (imine) 8 1 70.7 (00 2 CH 3 ), 1 62.7 (HON). 161 .4 (NC=0), 150.9 
(C ) 148 l(cj). 140.1 (C arom ),136.0(C arom ),128.7,128.2and127.3(Bn£>H arom ),127.3(NCH=CCH 2 CO 2 CH 3 ), 

11 9 T(C^ 

HON) 52.0 (C0 2 CH 3 ), 37.4 (NCH=CCH 2 C0 2 CH 3 ), 33.6 (NCH=CCH 2 C0 2 CH 3 CH 2 ). 

[0126] Repeated evaporation in vacuo* 24 with CH 3 OH provided the N10-C11 methyl ether forms 25- 1 H NMR (270 
M Hz CD 3 0D) (1 1 S, 1 1 aS isomer) 5 7.44-7.25 (m, 5H al0 J. 7.1 6 (s, 1 H arom ), 6.85 (br s, 1 H, NCH=CCH 2 CO a CH 3 ), 6.62 
(s 1H ) 5 09 (s 2H, PhCH 2 0), 4.52 (d, 1H. J= 8.80 Hz, NCHCHOCH 3 ), 4.00-3.85 (m. 1H, NCHCHOCH3), 3.80 
s 3H*OCK0 3.69 (s, 3H, C0 2 CH 3 ). 3.41 (s, 3H, NCHCHOCH3), 3.24 (br s, 2H, NCH=CCH 2 C0 2 CH 3 ), 3.20-3.00 (m. 
1H NC^CC^CO^CH,), 2.60-2.50 (m, 1H, NCH=CCH 2 C0 2 CH 3 CH,); '3C NMR (67.8 MHz, CD 3 OD)(11S,11aS 
isomer) 5 172.7 (C0 2 CH 3 ), 166.8 (C arom ) : 153.3 (NOO) ; 146.4 (C mom ). 139.7 (C^), 138.0 (C ) 132.4 (C arom ). 
129.6. 129.1 and 128.8 (BnC-H aro J, 127.0 (NO^CCR^CHa), 120.8 (NCH=CCH 2 CO z CH 3 ). 113^7 (C-H ) 
109 2 (C-H ) 97 1 (NCHCHOCH 3 ), 71.7 (PhCH 2 0> ^0.2 (NCHCHOCH 3 ), 56.8 (OCHg), 55.2 (NCHCHOCH 3 ), 52.5 
(C0 2 CH 3 ), 377 (NCH=C01 2 C0 2 CH 3 ). 34.1 <NCH=- . -; 2 C0 2 CH 3 CH 2 ) ; MS (El), m/z (relative intensity) 420 (M-, 
Lthyl ether. 1), 41 8 (methyl ether - 2. 2), 406 (M-. irr..-*. 23), 404 (41 ). 375 (2). 345 (6), 333 (7), 313 (22), 299 (10 . 
285 (6) 253 (6), 242 (4), 225 (2). 214 (2), 198 (2). 183 4). 168 (2), 155 (6), 136 (3), 105 (3), 91 (PhCH 2 . 100) ,80 (4). 
65 (7)- IR (NUJOL®) 3318 (br. OH of carbinolamine lorm). 2923, 2853. 1737. 1692. 1658. 1627. 1601. 1552, 1511. 
1501. 1464, 1461. 1452. 1378. 1244, 1072, 1006, 786, 754, 698 cur 1 ; exact mass calculated (or C^H^N^s mfe 
406.1529, obsd m/e 406.1510. 

samples 1(c & d): Synthesis of SJG-30 1 (31 ■ v™™) and SJG-303 (33. UP2052) (see Figure 3j 
[0127] 




Example 1(c) 

Example 1 (d) 

(2S)-AH<2-Alryloxycarbony| a mino)-4-benzy^^^ 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (26) 

[01 28] Petroleum Ether (1 00 mL) was added to a sample of NaH (1 .41 g of a 60% dispersion in oil, 35.25 mmol) 
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stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle and the 
Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (80 mL) was added to 
the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise with 
a solution of methyldiethylphosphonoacetate (6.47 mL, 7.41 g, 35.25 mmot) in THF (80 mL) under nitrogen. After 1 .5 

5 hours at room temperature, the mixture was cooled to 0°C and treated dropwise with a solution of the ketone 6 (8.0 
g ; 14.1 mmol) in THF (50 mL) under nitrogen. After 16 hours at room temperature, TLC (20% EtOAc/Petroleum Ether) 
revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (200 mL) and EtOAc (220 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 
200 mL). The combined organic layers were washed with H 2 0 (200 mL), brine (200 mL), dried (MgS0 4 ), littered and 

to concentrated in vacuo to give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished the endo-ester 26 (7.02 g, 80%): [ot] 22 D - -93.0 ° (c = 1 .04, CHCI 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.78 (br s, 
1 H) : 7.95 (s, 1 H), 7.50-7.29 (m, 5H), 6.82 (s, 1 H), 6.46 (br s, 1 H) ; 6.02-5.88 (m, 1 H), 5.35 (dd, 1H, J- 2.93, 1 7.22 Hz), 
5.24 (d. 1H. J- 10.44 Hz), 5.18 (s : 2H), 4.70-4.61 (m, 3H), 3.96-3.82 (m : 5H), 3.68 (s. 3H), 3.08 (s, 2H), 2.91-2.82 (m, 
1H). 2.71-2.65 (m ; 1H), 0.88 (s, 9H), 0.06 and 0.04 (s x 2, 6H); 13 C NMR (67.8 MHz, CDCI 3 ) o 170.7, 165.8, 153.5, 

>5 150.6. 144.0. 136.2, 132.7, 132.5, 128.6, 128.2, 128.1, 127.7, 118.1, 118.0, 114.4, 112.0, 106.0, 70.6, 65.7, 62.3, 59.4, 

56.6. 52.0. 34.6. 33.9. 25.8, 18.1, -5.4; MS (El) : nVz (relative intensity) 626 (M + " i 1, 3), 625 (M + ' 4 1.7), 624 (M**, 
14). 568 (5). 567 (11). 509 (3), 476 (3) : 341 (5), 340 (17). 339 (4), 299 (3), 286 (18), 285 (87), 282 (11), 256 (4), 242 
(3). 229 (3). 228 (14). 226 (11), 168 (10), 166 (3), 152 (6), 141 (5), 140 (50), 139 (9), 108 (3), 92 (10), 91 (100), 89 (6), 
80 (11). 75 (11). 73 (10). 65 (5), 57 (6), 41 (12); IR (NEAT) 3332 (br, NH) : 3019, 2953, 2930, 2857, 1733, 1622, 1599, 

20 1524. 1491. 1464. 1408. 1362, 1335, 1258, 1205, 1171, 1113, 1051, 1027, 938,839, 757, 697, 666 cm* 1 ; exact mass 
calcd tor C^hLu^OaSi m/e 624.2867, obsd m/e 624.2936. 

(2S) -W-[(2-Ally1oxycarbonylamino)-4-benzytoxy 
4-(hydroxy-2-cthyl)-2 1 3-dihydropyrrole (27) 

25 

[0129] A solution of the ester 26 (4.0 g, 6.41 mmol) in THF (55 mL) was cooled to 0°C (ice/acetone) and treated with 
LiBH 4 (0.21 g. 9.62 mmol) in portions. The mixture was allowed to warm to room temperature and stirred under a 
nitrogen atmosphere for 26 hours at which point TLC (50% EtOAc/Petroleum Ether) revealed the complete consumption 
of starting material. The mixture was cooled to 0°C (ice/acetone) and water (14 mL) was carefully added. Following 

30 evaporation ol the THF in vacuo, the mixture was cooled and then neutralised with 1 N HCL The solution was then 
diluted with H a O (100 mL) and extracted with EtOAc (3 X 100 mL), the combined organic layers washed with brine 
(100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude oil was purified by flash chromatography (30 -> 
40% EtOAc/Petroleum Ether) to furnish the pure endo-alcohol 27 as a transparent yellow oil (2.11 g, 55%). |«P D - 
-86.43 ° (c= 1.38, CHCI 3 ); 1 H NMR (270 MHz, CDC! 3 ) 6 8.76 (brs, 1 H), 7.92 (br s, 1H), 7.50-7.28 (m, 5H), 6.82 (s, 

35 1H), 6.36 (br s, tH), 6.02-5.87 (m, 1H) : 5.35 (d, 1H, J- 17.22 H/), 5.24 (d, 1H, J= 11 72 Hz), 5.18 (s, 2H), 4.64-4.61 
(m, 3H), 4.1 0-3.99 (m, 1 H), 3.80 (s, 3H), 3.79-3.66 (m, 3H), 2.85-2.75 (m. 1 H), 2.64-2.60 (m, 1 H), 2.30 (t, 2H, J = 6.23 
Hz), 1 .74 (br s, 1H), 0.88 (s, 9H), 0.06 and 0.04 (s x 2, 6H); 13 C NMR (67.8 MHz, CDCI 3 ) 5 165.3, 153.5, 150.5, 144.2, 
136.3, 132.5, 128.6, 128.1, 127.7, 126.7, 122.8, 118.0, 114.3, 112.0, 106.1, 70.7, 65.7, 62.8, 60.4, 59.1, 56.6, 34.4, 

31.7, 25.8, 18.2, -5.4; MS (El), m/z (relative intensity) 598 (W + 2, 3), 597 (M + - + 1,5), 596 (M*' ( 13). 581 (2), 541 
40 (2), 540 (4), 539 (9), 448 (2), 341 (2), 340 (12), 282 (7), 259 (5), 258 (20). 257 (100), 256 (3), 227 (3), 226 (12), 200 

(5), 168 <6) r 124 (3), 113 (3), 112 (50), 111(4), 94 (10), 91 (25), 73 (3); IR (NEAT) 3340 (br), 3066, 3033, 2930, 2857, 
1732, 1598, 1520, 1456, 1409, 1328, 1205, 1166, 1113, 1049, 1023, 938, 839, 778, 744, 697, 677, 637 cm 1 . 

(2S)-AH(2-AnyloxycarbonytaminoM-benzyto^ 
45 butyldimethylsilyloxymethyl)-2,3-dihydropyrrole (28) 

[0130] Acetic anhydride (8.1 7 g, 7.55 mL, 80 mmol) and pyridine (30.2 mL) were added to the alcohol 27 (0.953 g, 
1 .60 mmol) and the solution stirred for 1 6 hours under nitrogen at which point TLC revealed reaction completion (50% 
EtOAc/Petroleum Ether). The reaction mixture was cooled to 0°C (ice/acetone) and treated dropwise with MeOH (15 

50 mL). After stirring at room temperature for 1 hour the mixture was treated dropwise with H 2 0 (30.2 mL) and allowed 
to stir for a further 1 6 h. Following dilution with EtOAc (56 mL), the solution was cooled to 0°C and treated dropwise 
with 6 N HCI (56 mL). The layers were separated and the organic phase was washed with 6N HCl (2 X 28 mL) and 
the combined aqueous layors wore then extracted with EtOAc (70 mL). The combined organic phases were then 
washed with H 2 0 (60 mL), brine (60 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude oil was a mixture 

55 of the desired product 28 and the TBDMS cleaved compound 29 as judged by TLC. Purification by flashchromatography 
(20 ~» 100% EtOAc/Petroleum Ether) provided 29 (0.2 g) and desired acyl-TBOMS compound 28 (0.59 g, 58%) as a 
colourless oil: [a] 22 D = - 87.04 ° (c = 4.91 , CHCI 3 ); ^H NMR (270 MH7, CDCI 3 ) (Rotamers) S 8.77 (br s.. 1H), 7.94 (br 
s, 1H), 7.49-7.31 (m. 5H), 6.80 (s, 1H), 6.37 (brs, 1 H), 6.02-5.89 (m. 1H), 5.35 (dd, 1H, J* 17.22. 1.65 Hi), 5.24 (d, 
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1H, J= 10.30 Hz), 5.19 (s, 2H), 4.64-4.61 (m, 3H), 4.12 (t, 2H, J = 6.78 Hz), 4.03-3.95 (m, 1H), 3.83-3.75 (m, 4H), 
2.85-2.75 (m, 1 H), 2.64-2.60 (m, 1H) t 2.40-2.26 (m, 2H,). 2.03 (s, 3H), 0.88 (s, 9H), 0.04, 0.01 and -0.01 (s x 3. 6H); 13 C 
NMR (67.8 MHZ. CDCI 3 ) 5 170.9, 165.5, 153.5. 150.6. 144.1, 136.3, 132.7, 132.5, 128.6, 128.1 , 127.7, 126.5, 122.2, 
118 0 114.3, 112.2. 106.1. 70.7. 65.7, 62.4, 60.4. 59.2. 56.7, 34.6, 31.7, 27.9. 25.8. 20.9, 18.2, -5.4; MS (El), m/2 

5 (relative intensity) 640 (M 4 * + 2, 3), 639 (M 4 * + 1 , 7), 638 (M 4 *, 15), 623 (2). 583 (3), 582 (6), 581 (14), 539 (2). 523 (3), 
490 (3), 341 (5), 340 (22), 301 (5), 300 (18), 299 (75), 283 (3), 282 (14), 256 (4), 242 (7), 241 (5), 240 (16), 239 (62), 
226 (6), 192 (3), 182 (8), 181 (5), 180 (3), 168 (5), 166 (5), 154 (10), 131 (3), 106 (3), 95 (4), 94 (48), 93 (5), 92 (8), 
91 (100), 89 (5), 75 (6). 73 (8), 65 (3), 57 (3); IR (NEAT) 3324 (br. NH), 3066, 3018, 2954, 2930, 2857, 1737, 1622, 
1598, 1523, 1489, 1464, 1409, 1363, 1327, 1230, 1205, 1168, 1115, 1080, 1030, 994, 937, 839, 756, 697, 667, 638, 

w 606, 472. 459, 443 cm* 1 ; exact mass calcd for C 34 H 4S N 2 0 8 Si m/e 638.3024, obsd m/e 638.3223. 

(2S)-AH(2-AI1yloxycarbonylaminoV 
2,3-dihydropyrrote (29) 

is [0131} A solution of the silyl ether 28 (0.83 g. 1 .30 rnmol) in THF (14 mL) was treated with H 2 0 (14 mL) and glacial 
acetic acid (42 mL). After 2 hours stirring at room temperature TLC (50% BO Ac/Petroleum Ether) showed the complete 
consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of NaHC0 3 (64 g) 
in H 2 0 (640 mL) . The aqueous solution was extracted with BOAc (3 X 100 mL) and the combined organic layers were 
washed with H 2 0 (1 50 mL), brine (1 00 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to give the crude product 

20 as an orange oil. Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the pure alcohol 29 as 
a white glass (0.537 g, 81%): [ap D - -83.60 • (c - 0.25, CHCI3); 1 H NMR (270 MHz, CDCI 3 ) 5 8.56 (br s, 1H), 7.89 
(tors, 1H), 7.49-7.29 (m.SH), 6.81 (s, 1H), 6.28 (br s, 1H), 6.03-5.89 (m, 1H). 5.35 (ddd, 1H, J~ 17.22, 3.11 , 1.46, Hz), 
5 25 (d, 1H, J- 10.44 Hz), 5.19 (s, 2H), 4.80-4.70 (m, 1H), 4.65-4.62 (m, 2H), 4.41-4.31 (m, 1H), 4.20-4.06 (m, 2H,), 
3.84-3.77 'm. 5H), 2.98-2.88 (m, 1H), 2.39 (L 2H ; J= 6.51 Hz), 2.33-2.25 (m, 1H,), 2.03 (s, 3H); *C NMR (67.8 MHz, 

25 CDCl 3 )5 170.8, 167.1, 153.5, 151.0,144.3, 136.1 , 132.6, 1 32.4. 128.6. 128.1, 127.7, 1263, 122.6, 11 8.1 , 112.2, 106.3, 
70.7, 66.5. 65.8, 62.0. 61 .7, 56.8, 35.4, 31 .7, 27.8, 20.9; MS (El), m/Z (relative intensity) 525 (M + * + 1,5), 524 (M 4 *, 
14) 341 (5), 340 (16). 299 (2), 283 (3), 282 (14), 256 (4), 227 (5), 208 (2), 192 (3), 190 (2), 186 (9), 185 (60). 168 (2), 
167 (5) 166 (2) 164 (2), 163 (2), 154 (3), 136 (3), 131 (3), 126 (7), 125 (53), 108 (2), 107 (2), 106 (2), 105 (3), 95 (3), 
94 (19), 93 (3). 92 (9), 91 (100), 83 (2), 69 (2), 68 (3). 67 (3), 65 (5). 58 (6), 57 (17) ; IR (CHCI 3 ) 3335 (br), 2933, 1732, 

30 1599, 1524. 1455, 1434. 1408, 1231 , 1170, 1112, 1029, 995. 932, 868. 765, 698, 638, 606 cm- 1 ; exact mass calcd for 
C 28 H 32 N 2 0 8 m/e 524.2159, obsd m/e 524.2074. 

(1 1 SA 1 aS>2-( Acytoxy-2-ethyl)-1 0-ally loxycarbony l-8-benzyloxy-1 1 -hydroxy-7-methoxy-1 ,10,11,11 a- 
tetrahydro«5H-pyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (30) 

35 

Method A: 

[0132] A solution of DMSO (0.25 mL, 0.27 g, 3.49 rnmol) in CH 2 CI 2 (1 0 mL) was added dropwise over 35minutes to 
a solution of oxalyl chloride (0.87 mL of a 2.0 M solution in CH 2 Ci 2 , 1 .75 rnmol) at -45°C (liq.N^Chlorobenzene) under 

40 a nitrogen atmosphere. After stirring at -45°C for 40minutes, a solution of the alcohol 29 (0.51 g, 0.97 rnmol) in CH 2 CI 2 
(7 mL) was added dropwise over 35minutes at -45°C. After 55minutes at - 45*C, the mixture was treated dropwise 
with a solution of TEA (0.57 mL, 0.41 g, 4 . 1 0 rnmol) in CH 2 CI 2 (5 mL) over 40minutes at -45°C. After a further 45minutes, 
the reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (60 mL), washed wilh IN 
HCI (60 mL), H 2 0 (60 mL), brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroieum 

45 Ether) of the crude material revealed complete reaction. Purification by flash chromatography (50% EtOAc/Petroleum 
Ether) furnished the protecled carbinolamine 30 as a creamy glass (0.25 g, 49%). 



Method B: 



50 [0133] A solution of the alcohol 29 (0.21 g, 0.40 rnmol) in C^CI^C^CN (30 mL, 3:1) was treated with 4 A powdered 
molecular sieves (0.1 5 g) and NMO (69 mg, 0.59 rnmol). After 15minutes stirring at room temperature, TPAP (6.9 mg, 
19.8 iimol) was added and stirring continued for a further 1 hour at which point TLC (80% EtOAc/Petroleum Ether) 
showed product formation along with some unoxidised starting material. The mixture was then treated with a further 
quantity of NMO (35 mg, 0.30 rnmol) and TPAP (3.50 mg, 10 (imol), and allowed to stir for a further 1 .5 hours after 

55 which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 
chromatography (50% EtOAc/Petroleum Ether) to provide the prelected carbinolamine 30 as a creamy glass (95 mg, 
46%)' [«]20 0 = +113 85 0 <c = 0.95, CHCI 3 ); 'H NMR (270 MHz. CDCy 5 7.49-7.26 (m, 6H), 6.80 (s, 1H), 6 76 (s, 1H), 
5 79-5 59 (m 1H) 5.75 (d, 1H, J= 10.08 Hz). 5.19-5.05 (m, 4H), 4.52-4.29 (m. 2H>. 4.28-4.08 (m. 3H). 3.95-3.80 (m. 
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25 



<u i ifiBfihM 2 46(t 2H, J- 6.41 Hz), 2.06 (s, 3H); 13 C NMR 

«»J»iytfW «• =22.2002. M «* 522.2008. 
benzodiazepin-5-one (31.UP2051, SJG-301) 

lulion ol .he Afloc-protected carbinolamme 30 95 mg 0.18 mj, tr V J P undef g njtrogen atmosphere , 
rolidin B <13i>mg,0.19rm,ol)lnCH 2 C^ 

TLC (97%CHCl3/MeOH)r e voa l ed,h e completeconsump,on ^ pBD (31> SJG . 301) 

and the crude residue was purilied by Hash <*™* X ^J»* ^7w«n CHCU in order to provide .he N1 0-C11 
UP2051) as an orange g.ass which was > repeatedy evapomte m h 3 g ? ?8 

imine lorm (66.3 mg. B7%): |of 0 = */41 67 • (c = 066, CHCI 3 . HNM I ^ (s 3H)> 3.44.3.35 

4.03Hz), 7.70-7.28 (m, o 52'2 47 (ni 2^) ^ o™js^3H); C NMR (67.8 MHz, CDCI3) (Rotamers) 

(m.1H),3.28-3.15(m,1H),3.04-2.97(m, 1H>,2.62 -247 ^£"> ™°\ 127 . 3 . 124.7, 121 .4. 111.9,111.6, 

5,70.9,162.6.161.1,150.9.148.2.140.1,136.1.132 1 '^f °' ^/ f 2 f ^^Vl 4), 420 (M'", 14), 419 (12). 418 
70.8. 61.9. 56.2. 53.6, 37.4, 27.9, 21 .0 MS , (E . ) . *J (4 ; W 3). 105 (3), 94 (4), 93 (3). 92 

(36), 361 (6), 360 (20), 328 (3), 313 (8), 270 (4), 269 (7) 268 (9 26 7 (22 . I ^,3 (br) , 2957 . 2934, 

C 24 H 24 N 2 O s /T7/G 420.1685, obsd mto 420.1 750. 

(l1 S11a Sh 10.A l W.oxyc art »„V,8- b e„z y ,o Xy -11- h y dro xv^ 
t etrahydro-5H- P yrrolo[2,1-cl[1 ,4]benzodiaze P in-5-one (32). 

compound 30 (0.248 g. 0.475 mmol) in CH 2 a 2 (3 mL) an I MO H (8 mLM fter s ^ ^ ^ ^ aqueous ^ 
TLC (ElOAc) revealed complete rcact.on. The MeOH CH 2 CI 2 was ^evapo ^ wefe 

.ution which was di.uted wHh H 2 G (30 mL) and e«rac^d wjh BOAc 3 X 30 ^ (o ide a creamy oi , Purification 
then washed with brine (30 mL). dried (MgSO, , hl.ered and evapora ed m va P ^ ^ col0 ur.ess glass 
by .lash chromatography (97% CHCI^MeOH) fumKhe I the ^^^'^ 5 7 A ,. 7 2A (m , 6H) , 6.84 (s, 1 H), 
(178 mg, 78%): [«P' D . = + 48.43 • (c =1 56, CH CI3). <H I NMR (270 UW J ^ ^ (m 6H)> 

6.73 (S, 1H), 5.74-5.55 (m, 1H), 5.73 (d 1H J - B79 H «) 5J9 506 £ g 1KJ , 155 . 8 , 150 . 3 , 

3.07-2.97 (m, 1H), 2.67 (d, 1H, J= 16.49 Hi) 2AO*A1 (m 2H) C NM R ^ ^ g ^ 711 , 

149.1. 136.1. 131.8, 128.6, 128.1. 127.7, 127.4 1253, 24.1,1* .0 23. + n0 ), 480 (M-. 26). 

66.7, 60.3,59 6, 56.2, 37.1, 31.5; MS (El) ; ^ « ^n e S ^ 2 n 0) ^43 (4). 141 (13 . 131 (6). 112 (24). 110 (4), 
,o 449 (4), 378 (12). 347 (7), 341 (7), 340 , (25), 339 < .^LLlcd .or C26 H 28 N 2 0 7 ^480.1897, 
94 (1 0), 92 (9), 91 (100), 80 (4). 70 (5), 69 (7), 65 (4), 58 (11 ). 5/ t^H). exd 
obsd wie 480.1 886. 

45 benzodiazepm-5-one(33,UP2052,SJG-303). 
[0136] A cata*.* amount of.e^^ 

Lion o. the A,loc-pro.ec.ed carbinoiamme 30 (156 mg^ 0 33 J * stirling a , room temperature under a 
pyrrolidine (24.3 mg, 0.34 mmoi) in CH 2 C 2 (15 mL). ^Consumption of starting materia.. The solvent 

nitrogen a.mosphere. TLC (90% CHC.yMeOH) revealed he '^^^J^ (9B% CHCI^eOH) to afford 
was evaporated in vacuo and the crude residue was ^"^ ^XcZo^ in vacuo with CHC, 3 in order 
,he PBD (33. S JG-303, UP2052) as an orange j ass was rcp catcd y P^ 57.75 (d, 1H, J= 4.03 Hz), 

to provide .he N10-C11 imine fern, (103 mg 84%). <H NMR 1(270 « 3 M _ 3 _ 1M 16 

7 58-7 22 (m. 6H), 6.82-6.80 (m, 2H), 5.1 7-4.88 (m. 2H), 4.65-4.20 , 61i1i 152.3, 150.9. 

m1 H, 3 ( 04- 2 .97 (m, 1H), 2.52-2.47 ,m, 2H); -C NMR ,67 8 MHz, COCy («, . ^ ^ ^ ? ^ 
4B.1, 142.3, .38.3, 136.4, 128.7, 128.6. 128.2 127 4 .^^2^ ' ^ 3 76 (77 , 3 75 (6), 347 (8). 345 (5). 334 (5), 
MS (El), m/z (relative in.ensi.y, 380 O 3 ) 379 (V , 6) , 2 67 (5), 259 (5), 257 (13), 265 

333 (19). 288 (14), 287 (14). 286 (36). 285 (50), 272 (6). 271 (2^). w \ 
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(24), 243 (15), 155 (6), 136 (5), 124 (7), 106 (6), 93 (6), 92 (38), 91 (100), 65 (16), 63 (5), 51 (5); IR (CHCI 3 ) 3313, 
2918, 1623, 1598, 1568, 1509, 1455, 1436, 1386, 1328, 1243, 1218. 1175, 1130 1061. 1007, 870,831. 792, 752,697, 
662 cm' 1 ; exact mass calculated for C 22 H 22 N 2 0 4 m/e 378.1580, obsd m/e 378.1576. 

[0137] Repeated evaporation in vacuo of UP2052 with CH 3 OH provided the N10-C11 methyl etherforms: 1 H NMR 
5 (270 MHz, CDCy (Rotamers) 5 7.66-7.22 (m, 6H), 6.82-6.81 (m, 2H), 5.21-4.76 (m, 2H), 4.61 -4.1 5 (m, 1 H), 4.03-3.71 
(m, 5H), 3.44 (s, 3H), 3.35-1 .92 (m, 7H). 

Example 1(e):Synthesis of the C7,C8-Dimethoxy-C2-Methoxycarbonylmethyl PBD AN-SJG (42, U P2065)(see 
Figure 4) 

10 

[0138] 



MeO 



MeO 




(2S){4R)~N-(4,5-Dimethoxy-2-nitrobenzoyl)~2^tert-h^ (35) 

[0139] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-acid 34 (12.45 g, 54.8 mmol) 

25 and oxalyl chloride (5.75 mL : 8.37 g : 65.9 mmol) in CH 2 CI 2 (300 ml_). After 16 hours at room temperature the resulting 
acid chloride solution was added dropwise over 4.5 hours to a stirred mixture o1 the amine 2 (1 2.65 g, 54.8 mmol) and 
TEA {13.86 g. 1 9.1 ml, 1 37 mmol) in CH 2 CI 2 (300 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction 
mixture was allowed to warm to room temperature and sti rredf ora further 2.5 h. The mixture was washed with saturated 
NaHC0 3 (300 mL), saturated NH 4 Q (300 mL), H 2 0 (250 mL), brine (300 mL), dried (MgS0 4 ), filtered and evaporated 

30 in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (80% EtO Ac/Petroleum 
Ether) isolated the pure amide 35 as a sticky orange oil (1 8.11 g t 75%): laj 25 ^ = -105.7° (c = 1 .17, CHCI 3 ); 1 H NMR 
(270 MHz. CDCI 3 ) (Rotamers) 5 7.71 and 7.68 (s x 2, 1H), 6.86 and 6.79 (s x 2, 1H), 4.50 and 4.38 (br s x 2, 2H), 
4. 1 3-4.1 0 (m. 1 H), 3.98 (s. 3H), 3.94 (s, 3H) f 3.78-3.74 (m, 1 H), 3.35-3.27 (m, 1 H), 3.07 (d ( 1 H, J= 11 .1 7 Hz), 3.01 -2.79 
(br s, 1H), 2.35-2.26 (m. 1H), 2.11-2.04 (m, 1H), 0.91 and 0.81 (s x 2, 9H), 0.10, 0.09, -0.07, and -0.10 (s x4, 6H); «C 

35 NMR (67.8 MHz.CDC! 3 ) (Rotamers) o 166.6, 154.2 and 154.1 , 149.3 and 148.9, 137.5, 128.0, 109.2, 107.1.70.1 and 
69.4, 64.7 and 62.5, 59.0 and 54.9, 57.3, 56.6, 56.5, 37.4 and 36.3, 25.9 and 25.7, 18.2, -5.4, -5.5 and -5.7; MS (El). 
m/z (relative intensity) 440 (M- 2), 426 (9), 386 (4), 385 (20), 384 (65), 383 (100), 367 (4). 320 (4), 308 (7), 295 (8), 
286 (5), 211 (15), 210 (100), 194 (12), 180 (4), 165 (17), 164 (8), 137 (4), 136 (25), 121 (4), 93 (6) : 91 (9), 82 (6), 75 
(15), 73 (15), 59 (4), 57 (4); !R (NEAT) 3391 (br, OH), 3012, 2952, 2931, 2857, 1616, 1578, 1522, 1456, 1436, 1388, 

40 1 338, 1279, 1225, 1183, 1151, 1074, 1053, 102S f 1004, 939,870,836, 816,785, 757,668, 650, 620 cm 1 ; exact mass 
calcd for C^H^NgOySi m/e 440.1979, obsd m/e 440.1903. 

(2S)(4fl)-/\M2-Amino-4,5-dlme^ 

45 [0140] A solution of hydrazine (6.59 g, 6.40 mL, 205.5 mmol) in MeOH (110 mL) was added dropwise to a solution 
of the nitro compound 35 (18.1 g, 41.1 mmol) ! over anti-bumping granules and Raney Ni (2.6 g) in MeOH (325 mL) 
and healed at rellux. After 1 hour at reflux TLC (95% CHCI 3 /MeOH) revealed some amine formation. The reaction 
mixture was treated with further Raney Ni (2.6 g) and hydrazine (6.40 mL) in MeOH (50 mL) and was heated at reflux 
for an additional 30minutes at which point TLC revealed reaction completion. The reaction mixture was then treated 

so W jth sufficient Raney Ni to decompose any remaining hydrazine and heated at reflux for a further 1.5 h. Following 
cooling to room temperature the mixture was filtered through a sinter and the resulting filtrate evaporated In vacuo. 
The resulting residue was then treated with CH 2 CI 2 (300 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to 
provide the amine 36 as a green oil (16.03 g. 95%): [ap D - -116.32 • (c = 0.31 , CHCI3), 'H NMR (270 MHz, CDCI 3 ) 
(Rotamers) 5 6.70 (s, 1 H), 6.28 (s, 1 H), 4.51 -4.49 (m, 1 H), 4.36-4.34 (m ? 1 H), 4.06-3.77 (m, 1 0H), 3.61 -3.50 (m, 3H), 

55 2.23-2.21 (m, 1H), 2.01-1.98 (m, 1H), 0.89 (s, 9H), 0.04 (s, 6H); NMR (67.8 MHz, CDCI3) (Rotamers) 5 170.2, 
151 5 141 2 1405 1122 112.0, 101.1, 70.4, 62.6, 59.0, 56.9, 56.6, 55.8, 35.7, 25.9 and 25.7. 18.2, -5.4 and -5.5; 
MS (El) ^'/'(relative intensity) 412 (M- 4- 2, 3), 411 (M- + 1.10). 410 (M-. 32). 354 (6), 353 (23), 263 (3), 212 (5), 
181 (11) 180 (100) 179 (3). 165 (3), 164 (6), 152 (10), 137 (4), 136 (4). 125 (5). 120 (3), 100 (3), 94 (6), 75 (9), 73 
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iTi rcv IR (CHC\ > 3353 (brt 2053 2930. 2857, 1623. 1594, 1558. 1517. 1464, 1435, 1404. 1260, 1234, 1215. 
me ! iS. 1060 S TsS 777.' 755, 668 cm- exact mass ca.cd for C 20 H 34 N 2 O 5 SI m/e 410.2237, obsd m/e 
410.2281. 

<2S)(4fl)-AH^AIIvloxyca^ 
4-hydroxypyrrolidine (37) 

[0141] Aso.u«ono.meamine36(16.03g,39mmol)inCH 2 CI 2 (450mL)wa S cooled^ 

Li h pyridine (6 94 mL, 6.78 g, 85.8 mmol). A solution of allyl chloroformate (4.35 mL. 4.94 g. 40.95 mmol) ,n CH 2 C 2 

and all red for a further 1 5 h at which point TLC (EtOAc) revealed complete consumption of amine 36 The reaction 
iSS^^JXLn* CuS0 4 (300 mL), H 2 0 (300 mL>. brino (300 mL) dried V*0£*^m* 

grated In Va c„o. The crude residue was f'H NMB So 

,he pure alloc-amino compound 37 as a clear oil (t 6.78 g. 87 /o).|al D - 93* (c . y, i 
MH7 COCI 3 ) (Rotamers) 8 8.93 (brs, 1H), 7.72 (s, 1H), 6.77 (s. 1 H). 6.01-5.87 (m 1H), 5 .34 (dd 1H, J- -17 .22 3 . 2 
H71 523fdd 1H J-1044 1 29 Hz), 4.63-4.55 (m, 3H). 4 40-4.38 (m. 1H). 4.15-4.08 (m, 1H). 3.91 (s. 3H) 3*1 (S 
2 3 62 55 <m 3H 2 34-2 H (m 2H), 2.07-1 99 (m, 1H), 0.89 (S, 9H), 0.05 and 0.04 (s x 2, 6H); i*C NMR (67* 
MH'.CDCy ^^616^/153.8. 150.9, 143.8, IK* 116.0, 115.9, "V-™"*"*^*"* 
« 7 and 31 1 25 8 1 8 1 -5 4 and -5.5; MS (El), wfi (relative intensity) 496 (M- + 2,6). 495 (M * 1 , 18). 

si 

exacf mass calcd for ^H^N^Si m/e 494.2448, obsd m/e 494.2365. 

(2SV^K2-Allyloxycarbonyl3mino)-4.5.dimethoxyben2oyll-2-(terT.butvldimethylsilylo X ymethyl)- 
4-oxopyrrolidine (38) 

SS*. =U**> reaction. The »»«. w. ..pa«e= » M > he ,^ n f"° ""^1^° 

,300 mU.U. POO rtj. «ed (MgSO,,. MerM -o oene.eW.e » ^»»" *° k ^"""'^T 5 ^ 

2,^S B "e S Smt" S U. S3- ,8,, « f S £ « <TO 2» f I « » ■ ■ « 

obsd m/e 492.2349. 

2S)-N-(2.AllyloxycarbonylaminoH.5-dimethoxybenzoyl]-2.(ferf-b U tyldimethylsilyloxyn.eth y l)- 
i 4-(metboxycarbonylmethyl)-2,3-dihydropyrrole (39) 

f0143l Petroleum e.her (70 mL, was added to a sample of NflH (0.41 g of a ^f^^J^^^^ 
, J at room temperature under a nilrogen atmosphere. Af.er 0.5 hours the mix ure was M » ^ 
Petroleum Ether was .rans.erred from the flask via a double-lipped needle under nitrogen. THF 60 mL) wat«» 
5 Ihe remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solut.on was treated dropw.se w,m 
2 o, me.hy.dielhylphosphonoacetate (1 .86 mL. 2.14 g, 10,6 mn*,) in THF (60 "^Jj^^j^ 
hours a, room temperature, .he mixture was cooled to 0°C and treated ^^^^^^^ 
g. 4.07 mmol) in THF (36 mL) under nitrogen. After 16 hours at room temperature. TLC (20% EtOAc/Petro.eum tine , 
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revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (100 mL) and EtOAc (1 00 ml_). The layers were separated and the aqueous layer extracted with ElOAc (2 X 
100 mL). The combined organic layers were washed with H 2 0 (100mL), brine (100 mL). dried (MgS0 4 ), filtered and 
concentrated in vacuo to give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 

5. nished the endo-ester39 as a golden oil (1.63 g, 73%): 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 8.82 (br s. 1H), 7.86 
(s. 1H),6.79 (s, 1H),6.46 (brsJH), 6.03-5.89 (m, 1H) : 5.39-5.32 (m, 1H), 5.24 (dd, 1H, J= 10 44, 1 .28 Hz), 4.70-4.59 
(rn, 3H), 3.99-3.61 (m, 11H), 3.08 (s t 2H), 2.91-2.82 (rn. 1H), 2.75-2.66 (m, 1H), 0.92-0.79 (m, 9H), 0.12-0.03 (m, 
6H); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 170.7. 165.8, 153.5, 151.3, 143.7, 132.8, 132.5, 128.2, 118.1, 118.0, 
117.9, 111.3, 104.3, 65.7, 62.3. 59.5 and 59.4, 56.4, 56.0, 52.0, 34.7, 33.9, 25.8, 18.1, -5.4; MS (El), m/z (relative 

w intensity) 549 [W+ 1. 7), 548 (M-, 17), 525 (13), 507 (14), 492 (6), 491 (18), 489 (8), 449 (7), 347 (11), 287 (6), 286 
(20), 285 (82), 265 (10), 264 (51), 263 (9), 244 (9), 242 (7), 228 (19), 227 (8), 226 (18), 224 (6), 223 (22), 220 (12), 
208 (6), 207 (18), 206 (100), 192 (7), 180 (18), 179 (21), 168 (16), 164 (10), 152 (13), 150 (8), 141 (8), 140 (73), 139 
(13). 136 (6), 108 (6), 89 (9), 80 (15), 75 (15), 73 (19). 57 (6); exact mass calcd for C 27 H 40 N 2 O 8 Si m/e 548.2554, obsd 
m/e 548.2560 

15 

(2S)-A*[(2-ANyloxycarbonylamino)-4,5-dime^ 
2,3-dihydropyrrole (40). 

[0144] A solution of the siryl ether 39 (1.63 g, 2.97 mmol) in THF (12.6 mL) was treated with H 2 0 (12.6 mL) and 
20 glacial acetic acid (38 mL). After 2 hours stirring at room temperature TLC (60% EtOAc/Peti oleum Ether) showed the 
complete consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of 
NaHC0 3 (61 .6 g) in H 2 0 (616 mL). The aqueous solution was extracted with EtOAc (3 X 150 mL) and the combined 
organic layers were washed with H 2 0 (150 mL), brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuoXo 
give the crude alcohol 40 as an orange oil (1 .27 g ? 98%): MS (El), m/z (relative intensity) 435 (M f - + 1 f 6),434 (M+-, 
25 23), 347 (5), 31 7 (4). 281 (6), 265 (8), 264 (44) ; 263 (8), 224 (5). 223 (24), 222 (5), 220 (9) 207 (1 5), 206 (94), 1 92 (5), 
180(18),179(18),172(12) : 171 (100), 164 (12). 152 (7) : 150 (7), 141 (6), 140 (53), 136 (9) : 112 (11 ), 1 08 (6), 80 (12), 
69 (7); exact mass calcd for C^H^NgOs m/e 434.1 689, obsd m/e 434. 1606. 

(1 1 S,1 1 aS}-1 0-Ally loxycarbony l-7,8-dimethoxy-1 1 -hydroxy-2-(meihoxycarbony1methy l)-1 ,1 0,1 1 ,1 1 a- 
30 tetrabydro-5rt-pyrrolo[2,1 -c][1 ,4]benzodiazepin-5-one (41 ) 

[0145] A solution of DMSO (0.75 mL, 0.82 g. 10.5 mmol) in CH 2 CI 2 (22 mL) was added dropwise over 1 hour 20 
minutes to a solution of oxalyl chloride (2.63 mL of a 2.0 M solution in CH 2 CI 2t 5.26 mmol) at -45°C (liq.N^Chbroben- 
zene) under a nitrogen atmosphere. After stirring at -45°C for 1 h, a solution of the alcohol 40 (1 .27 g, 2.92 mmol) in 

3S CH 2 Cl 2 (22 mL) was added dropwise over 1 hour at -45°C. After 50minutes at -45°C, the mixture was treated dropwise 
with a solution of TEA (1.71 mL, 1.24 g, 12.29 mmol) in CH 2 CI 2 (11 mL) over 30minutes at -45°C. After a further 
30minutes, the reaction mixture was allowed to warm to room temperature and was diluted with C^C^ (20 mL), 
washed with 1N HCI (100 mL), H 2 0 (100 mL), brine (100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC 
(80% EtOAc/Petroleum Ether) of the crude material revealed reaction completion. Purification by flash chromatography 

•to (55% EtOAc/Petroleum Ether) furnished the protected carbinolamine 41 as a white glass (0.68 g, 54%): [oprj - 

4- 219.78 ° (c= 0.12, CHCI 3 ); !H NMR (270 MHz, CDCI3) 5 7.23 (s, 1H), 6.91 (s, 1H), 6.70 (s, 1H), 5.90-5.80 (m, 2H), 
5.17-5.13 (m t 2H), 4.70 (dd, 1H, J= 13.37, 5.31 Hz), 4.50-4.43 (m, 1H), 3.98-3.75 (m f 8H), 3.71 (s, 3H), 3.20-3.05 (m, 
3H), 2.75 (d, 1H, J~ 17.04 Hz); 13 C NMR (67.8 MHz. CDCI 3 ) 6 170.7, 163.3, 155.9, 151.1 , 148.5, 131.7, 128.3, 126.2, 
124.7, 118.1, 117.6, 112.6. 110.6, 86.0, 66.8, 59.4, 56.2, 52.1, 37.0, 33.7; MS (El), m/'Z (relative intensity) 434 (M+" + 

'5 2, 6). 433 (M + - + 1, 21). 432 [W\ 74), 414 (8), 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 (100), 263 (33), 
248 (25), 224 (6). 223 (25), 220 (14), 209 (8), 208 (52), 207 (24), 206 (92), 192 (15), 191 (6), 190 (7), 180 (18), 179 
(23), 169 (23), 165 (10), 164(17), 152(12), 150 (14), 149 (8), 141 (9), 140(60), 136 (11), 125 (6), 120 (5), 110 (8), 
108 (15), 81 (9), 80 (45), 57 (7); IR (CHCI 3 ) 3385 (br), 2918, 2849. 1707. 1625, 1605, 1516, 1457.. 1436, 1405, 1311, 
1282, 1245, 1217, 1172, 1116, 1046, 1001, 968, 933, 874, 855, 666 cm 1 . 

50 

(11aS)-7,8-Dimethoxy-2-(methoxycarbonylmcta^^ 

5- one (42, UP2065, AN-SJG) 

[0146] A catalytic amount of tetrakis(triphenylphosphine)palladium (44.0 mg, 38.0 umol) was added to a stirred so- 
55 lution of the Alloc-protecled carbinolamine 41 (0.66 g. 1 .53 mmol), triphenylphosphine (20.0 mg, 77.0 umol) and pyr- 
rolidine (114 mg, 1 .60 mmol) in CH 2 CI 2 (100 mL). After 2 hours stirring at room temperature under a nitrogen aimos- 
phere, TLC (99% CHCiyMeOH) revealed the complete consumption of starting material The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (98% CHChj/MeOH) to afford the PBD (42, 
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15 



N10-C11 imine form (481 mg.95A).N ^ '• ~ ' , %' „ q « , 3m 3 74 (s 3HY 3.34 (d.1 H, J 

= 16.85Hz), J.^MS.^o. i* o w i . #. 4 33 B . M s (E!) m/z (relative intensity 332 (M + +2,5), 

<CHCI 3 )3329(br),3112,2952,2842, 1737.1626.1602,1512 ^^^^^"^l^^aaa^/. 
1008. 875. 840, 786. 666, 620, 574, 537 cm-'; exact mass calcd lor C 17 H t8 N 2 0 5 m/e dJO.i^io, 

Example 1(f): Synthesis of KEC-570 (56, UP-2053) (see Figure 5) 
[0147] 




MeO 

1*. 3'.Bis(4-carboxy-2-mcthoxyphenoxy)propanc (43) 
I0 148] Asolulionofdiiodop^^^ 

o a vigorously stirred solution of vanillic acid (10 g, 59.5 mmo.) m THF (100 mL ^^"JJ^J suspensi on was 
a , 65-C in the absence of light (foil-wrapped flask). After heaung at reflux ^^^ B °^^J resitiue was 
coded. washed with hexane (3 x 1 00 mL) and the ^^"^SSS JS£!££2* gfccia. 
acidi.ied,o P H1wi.hconc.HC.and.heresu..an, W % u (94g . 84%) . m p 

, acetic acid to afford the corresponding b^^hc acrt (143) as ^ 4H ) = 60 Hz , H12) , 
238-240»C; 'H-NMR (DMSO-C« «JBJ. ». J = M j^™* ^ ^ .f 8.4 Hz. 1.8 Hz. H9), 12.76 ,bs, 2H, 
7.09 (d. 2H. J = 8.4 Hz, H10), 7.45 (d, 2H. J - iJHz H6) 7 54 (*W . 123.0 (Q), 

C0 2 H) ; 13 C-NMR (DMSO-C0 5 28.4 (C13), 55.4 (CH s O) 64 8 (C12). 1 1 • MC9). J - < >■ ,430. 1345. 1310, 
148 3 (Q), 151.6 ,Q), 167.0 (C=0). IR (KBr): v - 3600-2000 ^^^^S. ^cnr'. MS (El): ** 

(100); HRMS: Calcd for C 19 H 20 O 8 = 376.1158 found 376.1168. 
1' 3'.Bis(4-carboxy-2-methoxy-5-nitrophenoxy)propane (44) 

temperature over 12 h. The reaction mtxture was poured on to ,ce (400 m m 
tmration. washed with ether (3 x 50 mL) and dried to afford ^^^^SuXTzr (t 4H. J = 5.9 Hz, H12), 
2 43-246"C. 1H-NMR (DMSO-^e): 5 2.25 (.. 2H. J. U HZ H1J. ^^^So^S- £.3 (C H 3 0), 65.7 (C12), 

« 7.29 (s. 2H. H6), 7.62 (s, 2H. H9), 13.6 (bs, 2H, C0 2 H) <™ S ° « Jf" IR (KBr): » - 3620-2280, 1700 

108.0 (C9), 111 2 (C6), 121 .1 (C5), 141.3 (Q), 149.1 (J) .151.7 (Q). 1659 (C-O). IF ( £ ^ 
(C =0), 1595 (C=C), 1570. 1515 (N0 2 ) 1460 1415 1350 J ^ 3?B 268 255 (4) , 236 

^™ - "™ i W 44 l (100). HRMS (,) Scaled for 

50 C 19 H 1B N 2 0 12 = 466.0860 lound 466.0871 . 

(2S.40)-N-(Ben2oxycarbonyl)-2-carboxy-4-hydroxypyrrolidine(45) 

u, f ii9 c ml 87 7 mU in toluene (40 mL) was added to a solution of rrans- 

[0150] A solution of benzyl chloroformate (12.5 mL, 87.7 mL) in low V / isminutes. 
55 4-hydroxy-L-pro.ine11(10 g ,76.3mmol)and^^ 

Alter stirring a, room temperature for 12 hours the ^ The resultant 

^wtsr^^ 
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excess solvent evaporated in vacuole afford a colourless viscous oil (20.30 g, 1 00%). [a] 27 D = - 565° (c0.1 , MeOH). 1 H 
NMR (CDCI 3 ): 5 2.07-2.31 (m, 3H, H1), 3.52-3.59 (m, 2H, H3). 4.43-4.53 (m, 2H. H2, H11a). 5.8 and 5.11 (s, 2H. minor 
and major rotamers of H6. 1:2). 6.0 (bs. 2H, OH), 7.26-7.29 and 7.32-7.34 (m, 5H, minoi and major rotamers of H 
arom, 1:2). IR (thin film): v = 3414 (OH), 2940 (OH), 1682 (C-O), 1495, 1429, 1359 (C0 2 ), 1314, 1269, 1205, 1180, 
5 1174. 1127, 1082, 1051, 993, 914 t 866, 826, 769.. 741, 697 cm' 1 . MS (El): rrVe (relative intensity): 266 (M 4 ", 1), 265 
(6), 220 (5), 176 (15), 130 (34), 108 (2). 91 (100), 86 (4), 68 (11). HRMS calcd. for C 13 H 15 N0 5 = 265.0950 found 
265.0976 



(2S,4P)-/V-(BenzoxycarbonvO-2-methyoxycarbonyl-4-hydroxyproline (46) 

10 

[0151] A solution of (2S,4fl)-A/-(Benzoxycarbonyl)-2-carboxy-4-hydroxypyrro!idine (45) (20.30 g, 76.3 mmol) in dry 
methanol (300 mL) was heated at reflux for 18 hours in the presence of a catalytic amount of cone. H 2 S0 4 (2.20 ml, 
7.63 mmol). The reaction mixture was allowed to cool to room temperature and neutralised with Et 3 N (3.0 mL, 76.3 
mmol). The reaction mixture was concentrated in vacuo and the residue redissolved in ethyl acetate (200 mL), washed 

is with brine (1 x 50 mL) : dried (MgS0 4 ) and excess solvent removed under reduced pressure to afford a colourless gum 
(21.17 g, 99%). W20 D ^ -59.4° (c0.014 : CHCI 3 ). 1 H NMR (CDCI 3 ) : 5 2.04-2.08 and 2.24-2.35(m, 1H, rotamers of H1, 
1:1). 2.64 (bs, 1H, OH), 3.54 and 3.74 (s, 3H, rotamers of OMe, 1:1), 3.66-3.69 (m, 2H, H3), 4.47-4.50 (m, 2H, H2, 
H11a), 5.07-5.13 (m, 2H, H6), 7.26-7.35(m, 5H, H arom). 13 C NMR (CDCl 3 ): rotamer ratio 1 :1, 537 8 and38.5 rotamers 
of (C1), 51 .8 and 52.0 rotamers of (OMe), 54.1 and 54.7 rotamers of (C3), 57.4 and 57.7 rotamers of (C2), 66.9 and 

20 67 0 rotamers of (C6), 68.6 and 69.3 rotamers of (C11a), 127.0, 127.3, 127.4, 127.7, 127.8, 128.0 and 128.1 rotamers 
of (C arom). IR (thin film), v = 3435 (OH), 3033, 2953 (OH), 1750 ( ester), 1680 (C=0), 1586, 1542, 1498, 1422, 1357 
(C0 2 H), 1170, 1124, 1004, 1052 (C-O), 1004. 963 : 916 : 823, 770, 750, 699, 673 cm" 1 . MS (FAB) m/z (relative intensity): 
280 24) *236 (20), 234 (4), 216 (8), 214 (4), 213 (2), 206 (2), 204 (7), 203 (4), 202 (10), 201 (2), 181 (5), 144 (16), 
102 (23), 91 (100). HRMS calcd. for C 14 H 17 N0 5 = 279.1107 found 279.1192 
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(2S,4R)-W-(Benzoxycarbonyl)-2-hydroxymethyt-4-hydroxyproline (47) 



[01 521 Lithium borohydride (1 .57 g ; 73 mmol) was added portionwise to a solution of (2S,4/^-fV-(benzoxycarbonyl)- 
2-melhyoxycarbonyl-4-hydroxyproline (46) (20.17 g, 73 mmol) in THF (350 mL) at 0°C. The reaction mixture was 

30 allowed to warm to room temperature and stir overnight. The resulting suspension was cooled to 0 P C and quenched 
with water (2-3 mL) until effervescence ceased, at which point 2 M HCI (15 mL) was added to dissolve the precipitate. 
The product was extracted with ethyl acetate (3 x 150 mL) and the combined organic phases washed with brine (1 x 
100 mL) and then dried (MgS0 4 ) Concentration in vacuo afforded a white gum (18.25 g, 1 00%). [al 22 ^ - -404° (C 
= 0.043, CHCI3). 1 H NMR (CDCI3) : 6 1.24-1.26 (m, 1H, H1), 1.73-2.08 (m, 1H, H1), 3.40-4.30 (m, 6H, H2, H3, H11 t 

35 m1a) 5 06 (bSj 1H , OH), 5.09 (s, 2H, H6) 7.25-7.31 (m, 5H, H arom). 13c NMR (CDCI3): 836.7 (C1), 55.2 (C3), 58.7 
(C2), 65.0 (C11), 67.0 (C6), 68.7 (C11a), 127.0. 127.5 (C arom), 127.8 (C arom), 128.2 (C arom). IR (thin film): v = 
3390 (OH), 3065, 3033, 2953(OH), 1681 (C=0 carbamate), 1586, 1538, 1498, 1454, 1192, 1122,978, 914, 862,770, 
698, 673 cm" 1 . MS (FAB) rn/z (relative intensity): 252 (M + -, 58), 208 (33), 176 (5), 144 (6), 118 (8), 116 (7), 92 (13), 
91 (100). HRMS calcd. for C 13 H l7 N0 4 = 251 .1158 found 251.1230. 

40 

(2S.4ff)-A^Benzoxycarbony^2-^butyld^methylsi^yloxymethyl-4-hydroxypy^rolidine (48) 

[0153] f-butyldimethyisilyl chloride (5.78 g. 38.3 mmol) and 1 ,8-diazabicyclol5,4,0|undec-7-ene (1 .44 mL, 9.6 mmol) 
were added to a solution of alcohol (47) (12.51 g, 49.8 mmol) and triethylamine (7.0 mL, 49.8 mmol) in dry DCM (200 

45 mL) which had been allowed to stir for 15minutes at room temperature. The resulting mixture was allowed to stir at 
room temperature for 18 hours and then diluted with ethyl acetate (300 mL). The organic phase was washed with 
aqueous saturated ammonium chloride (2 x 100 mL) and brine (1 x 1 00 mL) dried (MgS0 4 ) and the solvent removed 
under reduced pressure to yield a colourless viscous oil (9.84 g, 70%). [u] 223 D = -263° (c 0.70, CHCI 3 ). 1 H NMR 
(CDCI3) : 5 -0.05 and -0.0G(s, 6H, rotamers of H1\ H2\ 1:1), 0.83 and 0.85 (s, 9H, rotamers of H3', H5', H6\ 1:1), 

50 1 .95-2.22 (m, 2H, H1 f ), 2.78 (bs. 1 H. OH), 3.44-3.68 (m, 3H, H3, H11), 3.99-4.10 (m, 1H, H2), 4.43-4.46 (m, 1H. H11a), 
5.11-5.16 (m, 2H, H6) 7.34-7.35 (m, 5H, H arom) 13 C NMR (CDCI3): rotamer ratio of 1 :1 , 5 -5.50 (C3\ C5'> C6'), 18.15 
(C4'). 25.83 (C1\ C2'), 36.55 and 37.27 rotamers of (C1), 55.2 and 55.7 rotamers of (C3), 57.3 and 57.8 rotamers of 
(C2). 62.8 and 63.9 rotamers of (C11), 66.6 and 67.0 rotamers of (C6) t 69.7 and 70.3 rotamers of (C11a), 127.8 (C 
arom) 127.9 (C arom), 128.0 (C arom), 128.4 (C arom), 128.5 (C arom), 136.5 and 136.8 rotamers of (C7), 154.9 

55 a nd 155.2 rotamers of (C5). IR (thin film): v = 3415 (OH), 3066, 3034, 2953 (OH) : 2930, 2884, 2857, 1703 (C=0 
carbamate), 1587, 1498, 1424, 1360 (C-CH 3 ), 1288 (CH 3 Si). 1255 (f-Bu), 1220, 1195 (l-Bu). 1118 (Si-O), 1057, 1003, 
917, 836, 774. 751, 698, 670 cm' 1 . MS (El/Cl) m/e (relative intensity): 366 (M-, 100), 308 (14), 258 (2). 91 (2). 
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{2SABY1 -f-butyldimethylsilyloxymethyl-4-hydroxypyrrolkiine (2) 

,0154, A s,urry of 10% PCC (190 n*, in ethy, acetate ,20^ ^££^™^J»2Z 
g, 5.19 mmol) in ethanol (100 ml). The reaction m.xture reduced pressure to give a 

removed by vacuum filtration through Celite an (CDCy! 8 -(0.07-0.08) (m, 

ye ,tow oil in quantitative yield (1 .20 g, 100%). «F* D - = +356 l c0 ^ HC 'J H (m , 3H , H 11a, H3), 

232 (M*\ 100), 230 (13), 174 (5), 133 (6), 86 (6). 
i^Propane-l^d^^ 

butyldimethylsilyloxymethyl-4-hydroxypyfrotidme (49) 

l0155 , A cafclytic amount o, DMF (2 dmps) was added to ^^^^!^^ 
mmol) and oxalyl chloride (0.94 mL, 10.70 mmol) .n dry TH F ( » mL). THF (20 mL) and 

4 h. After evaporation of excess THF in vacuo, the resultant V^^^J™ (2) (2 47 g 1 0.70 mmol), Et 3 N 
added dropwise over a period of 25minutes to a vigorously slirrea suspei » * 

allowed to warm to room 

(2.50 mL, 1 7.9 mmol) and ice/water (0.6 mL) ^«"<£^ZZ« the residue was di.u.ed with water 
temperature for a further 1 .5 h. After removal o the THF by un . ^ x 25 

(,00 mL) and extracted with ethyl acetate (3 x 100 mL . Th .combmed orgamc ^phase ^ 
mL ) and brine (3 x 25 mL), dried (MgS0 4 ), and the -ojvent r^ovec ,n J ^.a _ . 

by {.ash chromatography (3% MeOH/CHCI 3 ) tc , aff ord th , bts-am Kte W " JVjJ^ < ^ gg 2H H1)> 
993" (cO.033, CHC 3 ). <H NMR (CDCI 3 ): 6 -0 L05 (. 12H HI . H2 ).™> <». «H » • ' > 4H _ H3) , 

2 ,4-2.16(m, 2H, H1), 2.19-2.24 (m : 2H, H13), 2 85-2.89 ^"^/J^ 1 ^ OH ); 5.20-5.25 (m, 2H. H11-). 
3.81 (S, 6H, OWe), 3.99-4.10 (m, 2H, H3), 423 MH, - S3 Hz HI 2) 4.38 « (bs 2H ^ ^ g 

6.65 S, 2H. H6). 7.55 (s. 2H, H9). "C-NMH (CDCi,): 8 -5.3 S (C1 C2 . 1^2 (C4 ) 25 ^ 
36.1 (C1), 54.9 (CH 3 0). 56.6 (C4). 57.3 (C12) 65.0 C3). 70X C2> 108 0 £6) 0* < £ ^ ^ 

148.1 (O), 148.5 (Q), 154.5 (Q), 16*5 <Q>. R«h. »* v = 3^2 (OH). 2950 2856 ( ^ ^ ^ 

(N0 2 ), 1459, 1432, 1381, 1338 (C-CH,), 1278 (CH3-S. ), \^9Um. ^ h 835{2)J79 ( 9 ), 761 (6). 

778 724, 668. 649, cm \ MS (FAB) mft (relative mtens.ty) : 894 (M • 8). 893 (19), W, 
517 (3), 459 (5), 258 (7), 100 (3). 86 (4), 75 (29), 73 (100), 59 (17), 58 (6). 

i V-mPropaneWiy.)^^ 

b'utyldimethylsilyloxymethyl-4-hydroxypyrrolidine{50) 

10156, A slurry o, 1 0% Pd/C (155 mg) in ethy- acetate (20 mLl ^ ^ p ^^^?^^ 
g 1 .73 mmol) in e.hanol (100 mL). The reaction m.xture was t ^^^"^ t l t0 g ive a yellow oil (50) in 
mixture was filtered through Celite and the solvent was ^JJ^A, W. H6«). 2.00-2.25 

quantitative yield (1.44 g, 100%). ;h NMR (CDCI, : iOM (s 12H H1 H2) 0.8 ,8 ( ^ 
(m, 6H, H1. H13), 3.50-3.72 (m, 12H. H2. H3. H11 H11a), 3.74 (s m u h &B 
4H, H12), 4.49 (bs, 2H, OH); 6.23 (s, 2H. H9), 6.64 (s, , 2H H6V '^MR (CDOJ- » J I > ^ 

(C3-, Or. C6>. 29.6 ,C13,.35.2 ,C1>, 56 7 (CH3O) «* (C* 64- f ^ ( ^ ' «^ 14B9 . 1433, 1406, 

141 .1 (Q), 150.6 (Q). 170.1 (Q); IR (neat): v = 33 5 *W ; aBS.*B*-™ I ■ ?76 cm „ MS (FAB) nVz 

Siv^eSW^ 
166 (44), 150 (8) J 00 (10), 73 (100). 

4B)-2-Fbutyldimethylsilyloxymcthyl-4-hydroxy-pyrroMd.ne(51) 

I01 57, A solution of the bis-amide (50) (2.76 , 3,1 mmol, and ^J££™^%S£Z 
mL)wascooled,oO'C.A IV ch 1 orororrnate,0.80mL7.53mmo^ 
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H3' H5\ H6'), 2.03-2.36 (m, 6H. H1, H13), 3.51 -3.58 (m, 6H, H2, H3), 3.77 (s, 6H, OMe), 4.20-4 26 (m, 8H, H11 , H12), 
4 28-4 30 (m, 2H t H11a) r 4.56-4.60 (m. 6H, H8\ OH). 5.25 (dd, J, z - 1 5 Hz, J 13 - 15.0 Hz, 4H, H10'), 5.90-5.95 (m. 
2H H9') 6 73 2H, H6), 7.63 (s. 2H. H9), 8.80 is, 2H, NH). ^C NMR (COC1 3 ): 5 -5.42 (C1\ CT), 25.8 (C3\ C5\ 
C6 ; ) 29 2 (CI-- 35.4 (C1), 56.3 (CH 3 0), 57.1 (C11a), 59.8 (C11), 62.2 (C3). 65.1 (C12) f 65.7 (Cd'), 70.5 <C2). 106.3 
(C9) 111.5 (C6), 116.5 (Q), 118.1 (C10'), 131 7 (Q), 132.5 (C9'), 144.3 (G), 150.3 (Q), 153.8 (Q), 169.5 (Q). IR (neat): 
v -3351 (OH), 2931, 2857, 1762 (Alloc C=0), 1722, 1603 (C=0) : 1521 (C arom), 1463, 1404, 1264 (CH r Si), 1222 
(1-Bu), 1106 (f-Bu), 1053, 1015, 936, 872, 837, 775, 629 : cm/ 1 . 

1,1*-n(Propane-1>diy0dioxy]bis[2-amto 
2-f-butyldimethylsMyloxymethyl-4-o5<o-pyrrolicline (52) 

[0158] A solution of dimethyl sulphoxide (2.10 mL, 28.5 mmol) in dry DCM (20 mL) was added dropwise over a 
15minutes period to a stirred, cooled <-45*C) solution of oxalyl chloride (1 .27 mL 14.60 mmol) in DCM (30 ml). After 
35minutes, a solution of alcohol (51 ) (2.54g. 2.53 mmol) in DCM (20 mL) was added dropwise over a period of 1 5minutes 
to the reaction mixture at -45°C. After 45minutes a solution of triethylamine (5.75 mL, 40.3 mmol) in DCM (20 mL) was 
added over a period of 15minutes and the reaction mixture stirred at -45°C for 30minutes before warming to room 
temperature over 45minutes. The mixture was then washed with 1 M CuS0 4 (3 x 50 mL), water (2 x 50 mL) and brine 
(1 x 50 mL) before drying (MgSQ 4 ) and concentrating in vacuo to give (52) as a yellow solid (2.46g, 97%). 1 H NMR 
(CDCU); 6 0.00 (S, 12H, H1\ W), 0.86 (s, 18H, H3\ H5\ H6), 2 50 -2 63 (m f 6H, H1, H13), 3.63-3.70 (rn, 4H, H3), 
3 80 {s 6H OMe), 3.93-3.97 (m, 6H, H11, H11a), 4.29-4.32 (m, 4H, H12), 4.62 (d. 4H, J - 5.7 Hz, H8'), 5.27-5.32 (m, 
4H H10') 5 98-6 03 (m, 2H, H9'), 6.74 (s. 2H, H6), 7.74 (s f 2H, H9), 8.80 (s, 2H, NH). 13 C NMR (CDCI 3 ) : 5 -5.76 (C1\ 
C2 ; ) 18 0 (Of), 25.7 <C3',C5\ C6'). 28.8 (C13), 39.6 (C1), 55.0 (C3), 56.4 (CH 3 0) f 65.3 (C12), 65.8 (Cff), 105.9 (C9), 
110 7 (C6), 118.2 (CIO"), 132.4 (C9*), 150.7 (Q), 153.5 (Q), 169.1 (Q), 210.0 (C2). IR (neat): v = 3308 (OH), 2931, 
2856, 1765 (Alloc 0*0), 1730, 1624 (C=0), 1602 (C=0), 1522 (C arom), 1468, 1407, 1332, 1259 (CH 3 Si), 1204 (f- 
Bu), 1105 (f-Bu), 1053 r 1010, 937, 870, 837, 808 : 778. 674, 657 cm' 1 . 

1,1^tt(Propane-1,3^iyl)dioxy]b^ 

2'f-butyldimethyJsilyloxymethyJ-4-methoxycarbonyl methyl-2,3-dihydropyrrole (53) 

[01 59] A so! ution of dielhylmethylphosphonoacetate (0.80 mL, 4.21 mmol) in THF (50 mL) was added to a suspension 
of NaH (343 mg, 4.21 mmol, 60% dispersion in mineral oil, washed with petroleum ether) in dry THF (50 mL) at 0°C 
under a nitrogen atmosphere After stirring at room temperature for 1 h, a solution of the dimer ketone (52) (2.04 g, 
2 00 mmol) in THF (50 mL) was added dropwise at 0°C. The reaction mixture was allowed to warm to room temperature 
over 18 h. Excess THF was removed under reduced pressure and the residue cooled in an ice bath before adding 
NaHCOg (50 mL) followed by EtOAc (50 mL). The layers were separated and the aqueous layer washed with tiOHC 
(2 x 50 mL) The combined organic layers were washed with brine (1 x 50 mL), dried (MgS0 4 ) and the solvent removed 
in vacuo to give a yellow oil. Flash column chromatography (2.5% MeOH/CH 2 Ci 2 ) afforded the product (53) as a yellow 
solid (2.00 g, 88%). iH NMR (CDC« : 5 -0.01 (s, 12H, H1\ H2'), 0.83 (s, 18H, H3\ H5\ H6'), 2.35-2.40 (m, 2H, H13) 
2 65-2.86 (m, 4H, H1), 3.03-3.09(m 4H, H14) t 3.62 (s, 3H, OMe), 3.75 (s : 6H, H16). 3.95-4.10 (m, 4H, H1 1), 4.24-4.35 
(m 4H, H12), 4.58-4.70 (m, 6H, H8\ H11a), 5.25-5.33 (m, 4H, H10'), 5.93-5.97 (m. 2H, H9') t 6.33-6.40 (m, 2H, H3), 
6 74 (s 2H H6), 7.80 (s, 2H, H9), 8.75 (s, 2H, NH). ™C NMR (CDCI 3 ): 5 -5.52 (C1\ CT), 18.0 (C4»), 25.7 (C3\ C5 
C6') 28 7 (C13) 33.8 (C14), 34.6 (C1), 51 .9 (CH 3 0), 56.5 (C16), 62.2 (C1 1 ), 65.2 (C12) : 65.6 (C8'), 1 05.4 (C9), 111 .9 
(C6), 117.9 (C10'), 128.2 (C3), 132.5 (C9'), 143.9 (Q), 150.7 (0),153.4 (Q), 1657 (Q), 170.6 (Q). IR (neat): v = 3402 
(OH) 2954 2857. 1735(ester), 1726 (Alloc C=0), 1642, 1600, 1526(Carom), 1469, 1435, 1354, 1256 (CH 3 -Si), 1221, 
1201 (f-Bu) 1112 (f-Bu) 1048, 1010, 934, 866, 836, 776 cnr 1 . MS (FAB) m/Z (relative intensity): No parent ion, 496 
(10) 482 (9), 455 (11), 441 (13). 232 (12), 206 (19), 204 (10), 200 (14), 192 (34), 188 (23), 172 (33), 165 (18), 152 
(17)', 150 (16), 149 (100), 147 (17). 140 (20), 131 (18), 103 (22). 91 (47), 89 (27), 87 (36), 80 (33), 75 (42), 73 (77), 61 
(39)', 57 (53). 

1 r-tt(Propane-1 .3-diyl)dioxy)b^ 

2-hydroxymethyl-4-mcthoxycarbonylmcthyl-2,3-dihydropyrrote (54) 

[0160] HydroMuoric acid.pyridine complex (3.5 mL) was added to a solution of dimer ester (53) (740 mg, 0.67 mmol) 
in THF (10 mL) under a nitrogen atmosphere at 0°C. The reaction was allowed to stir for 30minutes at 0°C and then 
to warm to room temperature over 1 h. The reaction mixture was neutralised with NaHC0 3 until evolution of CO z 
ceased. The product was extracted with DCM (3 x 30 mL), washed with brine (1 x 20 mL) and then dried MjSOJ- 
Removal of solvent under reduced pressure gave the product as a yellow gum (530 mg, 90%). 1 H NMR (CDCI3). 6 

2 39 (m 2H H13), 2.95-2.99 (m, 4H. HI), 3.09-3.12 (m, 4H, H14), 3.68 (s, 3H, OMe). 3.74-3.78 (m. 4H, H11), 3.81 
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(s. SH. H16, 4.28-4.34 (m, 4H. HID. 4.82 (d. ^ ^ S 

5.96-6.02 (m. 2H, H9). 6.39-6.50 (m. 2H. H3). 6.80 (s, 2H H6 ). 7.72 fc*W). ^ (8 2 . J ^ ^ 

8 28.8 (C13). 33.5 (C14). 35.5 (CI). 52.1 (CH 3 0) 56.6 (C16) 6&3 (C12), 8B. C8) 1*£ C ), 

(24), 80 (70), 73 (28), 57 (30). 

2 l llydr%vrrole-1,3,11a.trihyor,.5H- P yrrolo[2,1.cll1,4lberod.azepln-5-one(55) 

[01 61] A so,«on o« dimethy, suboxide (0.27 ^ 3.82 mmo.) 
Sminutes period .0 a stirred, cooled (-45-C) so.ol.on of ^^^J^^as addTd dropwise over a period of 
35minutes, a solution of substrate (54) (600 mg. MB rnmo I . nDCM (1 * ^ mmo)) , n ocwl 
I5minutes to the reaction mixture at -45-C. After 45m,nutes a solu. or 0. tne hy.a ( ^ being 

(10 mL) was added over a period of 15mlnutes and ^ ™ rt ™ ^^J^ wjlh wa ,er (10mL) andthetayers 
Lowed to warm .0 room temperature over ^^^^^^ be.o!e drying (M 9 S0 4 ) and 
separated. The organic layer was washed w.lh 1 M HCI 3 * 50 ^ ana d K , 

concentrating to vacuo. Fiash co.umn < Jf^f^/SS! m, 4H. H1). 3.14-319 (m, 4H. 
(U |20.3 D= +69 " (c 0.484. CHCI3) 1 H NMR (CDCI 3 ) 52 35-2 ^3 (m 2 H. H13) 2 Vb I . 

[ H i 4 ). 3.71 (s, 3H, OH 3.88 (s 6H. HI* - 121-4 .40 (m 4 ^^^^"J,, 2H , H3), 6.89 (s. 2H. 
5.26-5.30 (m. 4H. H10% 5.77 (d, J- 8.61 Hz, 4H H11 S .90 B« <m. 2M I. ^ 
H9). 7.22 (s. 2H, H6). «C NMR (CDCIg): 5 28.8 (C13 3X5 («4) 35J6 (C1) 521 (CH, > < , ^ 
66.0 (C8-), 105.6 <C9), 111 .8 (C6). 118.1 (C10) 128. (C3) 325 (C9 ^ 1444 <°>> ^ < ' ^ 1Q92 g02 
170.7 (Q). IR (neat), v = 3583. 3412 (OH), 1730 (ester), 17« (AHoc C-O) 1 644. 142 . ^ ^ 

757. 737, 702, 667 cm*. MS (FAB) m/a (rela JV 907 M > 456 2 U. I ^ ^ 

^ !^!: ^ i^) 1 ^^:^ :ns^^^s^(^. u ;; 9 >. 7 ^ 57 (25 >. 

1 '.3.1 1a-trihydro-5H-pyrrolo|2,1-cJ[1 ,41b C zodia Z epin-5^ne (56) 

A cata-y.ic amount oftctraMstri^^ 
of carLolamine (55) (219 mg, 0.25 

mmol) in dry DCM (30 mL) a, 0-C. The to'. .ash cotumn chroma.og- 

temperature over 1 h. The solvent was removed in vacuo and the residue j 0 43.CHCI 3 ). 'H NMR 

raphy (2% MeOH,CH 2 C. 21 R, . 0.25 ) to Qj-JJJ ^«*^ ^ 

(CDCI3): 5 2.17-2.42 (m. 2H. H13), 3.15-3.32 (m, 8H. HI HI 4) 3. 73 (s 3H O ), I ^ NMR 

6H, H12, H11a), 6 84 (s. 2H. H9). 6.92-7.06 (m 2H HS). 747 (8. ^2H. H6), 7.83 M ^ 8 

(CDCU): 628.7 (C13). 33.6 (C14), 374 (C1), 52.2 (CH 3 0),5 3*<C 11 J, 56.2 £16), 65.4 V C >^ ^ ^ 

i 26 .5 C3). 1*2 (Q), 148.0 (OJ.ISI 0 ^^^^^^^Si. 1197. 1152. 1068, 995, 963, 
1736 (estc). 1717 (Alloc C=0), 1628. 1596, 1511. 1483 1451 ■ «^^ z • „ (7)i110(5 ). 

914 842 753 env FABMS m/Z (relative intensity): 573 (M* . 2). 279 (6). 2// W . V 
93 (100),' 91 (24), 75 (28), 73 (20), 61 (12), 57 (33). 
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Example 1(g) : Synthesis of (lla^l^la-dihydro^^S-dimethoxv^ethenyl-SH-pyrfolofa^-cin^l 
benzodiazepin-5-one (See Figures 6a/b> 

[0163] 

5 



10 




15 

DRH360 AH4,5-dimethoxy-2-nitrobenzoyl)hydroxyprolme methyl ester (169) 

[0164] Oxalyl chloride (1 5.38 g, 1 21 .11 rnmol) was added in one portion to a stirred suspension of 2-nitro-4,5-dimeth- 
oxybenzoic acid (34) (25.01 g ; 110.10 mmol) in anhydrous DCM (100 mL) at room temperalure. A catalytic amount of 

20 DMF (2 drops) was added (CARE! - increased gas evolution) and the reaction mixture was allowed to stir for 16 hours 
under an inert atmosphere. The acid chloride solution was added dropwise to a vigorously stirred solution of the pyrrolo 
C-ring (168) (34.90 g, 110.10 mmol, JOC5, 13, 1994 : 3621) and TEA (45.95 mL, 33.36 g, 330.29 mmol) in anhydrous 
DCM (100 mL) at -20°C. The reaction mixture was allowed to stir for 16 hours at room temperature. The reaction 
mixture was washed with saturated NaHC0 3 (2 x 200 mL), saturated NH 4 C1 (2 x 200 mL), water (2 x 200 mL), brine 

& (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 
product (169), which was purified by flash column chromatography using EtOAc as eluent. Pure fractions were com- 
bined and evaporation of excess eluent in vacuo afforded the product as a foam (33.26 g, 93.9 mmol, 85%). 1 H NMR 
(270 MHz, CDCI 3 ) d 7.69 (s, 1H) r 6 87 (s t 1H), 5 31 (s, 2H), 4.97-4.82 (m, 1H), 4.44 (br s, 1H), 3.99 (s, 3H), 3.98 (s, 
3H) r 3.81 (s, 3H), 3.54-3.48 (m, 1H) t 3.18 (d. 1H, J = 2 02 Hz), 2.87 (br s, 1 H), 2.45-2.1 6 (m, 2H); NMR (67.8 MHz. 

30 CDCI 3 )d 172.6, 172.5. 167.5, 166.8. 154.4, 154.0, 149.3, 137.5. 137.4, 127.0. 126.2, 109.5, 107.2, 107.1,69.9, 69.1, 
59.2, 57.4, 56.9, 56.8, 56.6. 56.4, 54.6, 53.5, 52.5, 52.4, 39.4, 38.0. 

(1 1 aS)-6,7-dimethoxy-2{/tyhydroxy-2 ,3,5,10,11 ,11 a-hexahydro-5,1 1 -dioxo-1 H-pyrrolo[2,1-e][1 ,4-] 
benzodiazepine (1 70) 

35 

[0165J 10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33.0 g, 93.1 mmol) in absolute EtOH (250 mL). 
The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 psi H 2 for 18 h. The reaction 
mixture was filtered through celite, and the celite washed with hot MeOH, taking care not to allow the filter cake to dry 
out. Removal of excess solvent afforded the crude product (20.14 g). The crude product was allowed to stir in 1 N HCI 

*o (200 mL) and CHCI 3 (200 mL) for 30 minutes. The organic layer was washed with 1 N HCI (100 mL) and the aqueous 
layers were combined and neutralised with saturated aqueous NaHC0 3 . On leaving the aqueous extract overnight, a 
fine white precipitate formed (170) which was collected by filtration and dried (7.81 g, 26.72 mmoL 29 %). 'H NMR 
(270 MHz, CDCI3) d 10.06 (s, 1 H, NH), 7.61 (s, 1H, ArH), 7.36 (s, 1H, ArH), 4.49-4.41 (m, 1H, 2), 4.22-4.17 (m, 1H, 
11a), 3.88 (s, 6H), 3.82-3.55 (m. 2H, 3), 3.20 (br s, 1H, OH), 2.87-2.77 (m, 1H, 1), 2.10-2.05 (m, 1H, 1); 13 C NMR 

45 (CDCI 3 )d 170.2, 165.9 ; 152.0, 145.7, 130.7, 118.2. 111.9, 104.2, 68.1, 56.0, 55.6,54.2,34.6, 18.8. 

(1 1aSh6,7-dimethoxy-2(ff)-[(fer/-butyldimethylsilyl)oxy]-2 1 3,5 > 10 ,1 1,11 a-hexahydro-5,1 1 -dioxo-1 W-pyrrolo 
[2,1-c][1 ,4-Jbenzodiazepine (171) 

50 [0166] Solid TBDMS Chloride (8.22 g, 54.44 mmol) was added in one portion to a solution of 170 (7.23 g, 24.74 
mmol) and imidazole (8.42 g, 123.72 mmol) in anhydrous DMF (75 mL) and allowed to stir at room temperature for 16 
h. The reaction mixture was poured into water (500 mL) and filtered to afford the crude product (171 ), which was purified 
by recrystallisation from EtOH (800 mL) as fine white needles (6.995 g ; 1 7.21 mmol, 70 %). *H NMR (270 MHz, CDCl 3 ) 
8 10.06 (s, 1H, NH), 7.37 (s, 1H, ArH). 6.68 (s, 1H, ArH), 4.19-4.14 (m, 1H, 2), 4.06-4.01 (m 8 1H, 11a), 3.90 (s. 3H, 

55 OMe), 3.88 (s : 3H, OMe), 3.69-3.63 (m, 2H, 3), 2.85-2.80 (m, 1 H, 1), 2.05-2.01 (m, 1H, 1); 13 C NMR (67.8 MHz, CDCI 3 ) 
5170.4, 170.2. 165.9. 152.1. 145.8, 145.6, 131.1, 130.7, 118.1, 111.9, 104.3, 104.1,69.2, 69.1.56.0,55,9.55.7,54.3, 
54.0, 35.0, 25.8, 25.7, 25.6, 17.9, -3.0, -3.5, -4.9, -5.0. 
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<11aS)-67-dlmethoxy-2W-Kte^butyW^ 

ethoxymethyll-5.11-dioxo-1H-pyrrolo[2,1-c)[1.4-]benzodiazepine(172) 

r0167] A solution ol 171 (6.50 g. 1 5.99 mmol) in anhydrous DMF (27.5 mL) was added dropwise to a stirred suspen- 
sion of NaH (0 422 g 0 704 g oi a 60 % dispersion in mineral oil, 18.34 mmol) at 0°C and the reaction mixture was 
allowed to stirfor 30 minutes. A solution ol SEM chloride (3.11 mL, 2.93 g, 17.59 mmol) in anhydrous DMF (5 mL) was 
added dropwise to the stirred reaction mixture at 0°C and allowed to stir at room temperature (or 16 h. The reaction 
mixture was poured into water (200 mL) to afford a white precipitate, which was extracted with diethyl ether (4 x 300 
mL) The organic layer was washed with water (2 x 50 mL), brine (2 x 50 mL) and dried over anhydrous MgS0 4 . 
Filtralion and evaporation of the solvent in vacuo afforded the crude product, which was purified by Hash column chro- 
matography using an 80:20 mixture of petroleum ethenEtOAc as eluent. Pure fractions were combmed and ^pornled 
in vacuo to afford the product (172) as a yellow oil (7.01 g. 13.1 mmol. 82 %). 1 H NMR (270 MHz, CDCl 3 ) 6 7.35 (s, 
1H ArH) 7 24 (s. 1H, ArH), 5.52 (d. 2H, J = 9.89 Hz. SEM amino acetal CH 2 ). 4.65 (d. 2H, J= 9.90 Hz, SEM amino 
acetal CH 2 ). 4.61-4.56 (m. 1H, 2). 4.23 (dd, 1H, J = 4.40 Hz. 8.24 Hz, 11a), 3.94 (s. 3H, OMe), 3.92 (s, 3H,OMe^68 
,m 4H SEM V CH 2 + 3). 2.86 (m, 1H. 1), 2.02 (m, 1H, 1), 0.98 (t, 2H. J= 8.25 Hz, SEM Z CH 2 ), 0.88 (s, 9H, TBDMS 
t-Bu CH 3 ) 0 10 (s 6H. 2 x TBDMS S>CH 3 ), O.03 (s, 9H, 3 x SEM SiCHj); «C NMR (67.8 MHz, CDCI 3 ) o 1 70.0, 165.6, 
151.8, 147.1, 133.9, 121.5, 111.2, 105.5, 78.1 , 69.6, 67.0, 56.5, 56.2, 56.1. 53.6, 35.5, 25.7, 18.4, -1.3, -4.8. 

(11aS)-6,7.di me thoxy-2(B)-hydroxy-2^^ 
1H-pyrrolo[2,1-cJ[1,4-]benzodiazep)ne (173) 

[01681 A solution of 1 N TBAF in THF (1 9.58 mL, 19.58 mmol) was added to a stirred solution of 172 (7^0 g 1305 
mmol) in THF (50 mL). The reaction mixture was allowed to stir at room temperature for 2 hours and d.luted with DCM 
(200 mL) washed with water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgSO,. Filtration and removal 
ol excess solvent afforded the crude product, which was purified by flash column chromatography <us.ng 50:50 pe ro_ 
leum ether:EtOAc as eluent. Evaporation in vacuo of the pure fractions afforded the product (173) (5.9 g). H NMR 
(270 MHz. CDCy 57.30 (s, 1H, ArH). 7.24 (s, 1H, ArH), 5.52 (d. 1H. J= 9.9 Hz, SEM amino acetal CH 2 ) 4.68-4.64 
m. 2H, SEM amfno acetal CH 2 + 2), 4.30 (dd, 1H, J - 5.86, 8.24 Hz), 3.91 (s, 3H, OMe), 3.90 (s 3H OMe). 3 .87-3* 
m. 4H, SEM V CH 2 , 3). 2.95 (dt. 1 H. J= 5.31. 13.56 Hz, 1). 2.17-2.08 (m, 1H, 1). 1.02-0.93 (m, 2H, SEM 2 CH 2 ), 
0.03 (s. 9H. 3 x SiCH 3 ); 13C NMR (67.8 MHz, CDCI 3 ) 6 169.7. 165.9. 151.9, 147.1 . 134.0, 121.1. 111 .2, 105.5. 78.2, 
69.1, 67.1,56.5. 56.1, 53.9. 34.9, 18.4, -1.3. 

(1 laSVej-dimethoxy^.a.S.IO.1 1 .1 1 a -hexahydro-10-l2-(trimethylsllyl)ethoxymethyl]-2,5,1 1 -lrioxo-1 H-py rrolo 
[2,1-cJ[1 ,4-)benzodiazepine (174) 

101691 Anhydrous DMSO (3.28 g. 41 .94 mmol) in dry DCM (20 mL) was added dropwise over 5 minutes to a stirred 
solution ot oxalyl chloride (10.48 mL of a 2 N solution in DCM, 20.97 mmol) under a nitrogen atmosphere a. >50a 
After stirring for Sminu.ess, a solution 173 (5.90 g, 13.98 mmol), in dry DCM (45 mL) was ^ ov* 
45minutes U tes to the reaction mixture, which was then stirred for a further 45minutesutes at -50 C. TEA (9.89 g, 97.87 
mmol) was added dropwise to the mixture over 15 minutes followed by stirring lor a '"^l 5 ™")** 
[0170] The reaction mixture was left to warm to room temperature, diluted with H 2 0 (1 50 mL) and DCM (100 mL). 
The organic phase was washed with 1 N HCI (2 x 100 mL). water (2 x 100 mL), brine (2 x 100 mL) and dned over 
M gS0 4 Filtration and evaporation aflorded the crude product (174). which was purified by flash column chromatog- 
raphy using 50:50 petroleum ether (40-60»):E,OAc as eluent. Evaporation of the pure , fractions »™°J*°'«°* ,he 
product (4.33 g. 10.3 mmol. 74 %). 'H NMR (270 MHz, CDCI 3 ) 6 7.30 (s, 1H, ArH), 7.24 (s. H ArH) 5*0 <d 1H J- 
9.89 Hz, SEM amino acetal CH 2 ), 4.69 (d. 1H. J = 9.89 Hz, SEM amino acetal CH 2 ), 4.62 : (dd 1H. J= 
11a) 4 26-4 19 (m 1H 3), 3.95 (s, 3H, OMe). 3.94 (s. 3H, OMe), 3.81-3.49 (m, 4H, SEM 1 CH 2 / + 3), 2.82-2.71 
( riH,ro'.95(r2H.:AoiHz.Se M 2^ 

165.9, 152.4, 147.5. 134.0, 120.4, 111 .1 , 105.6, 78.2, 67.2, 56.2, 54.8. 52.3, 37.3, 18.3, -1 .3. 
(11aS)-S,10,1 1,1 i a -tet ra hydro-7,8-dimethoxy-^ 

sulphonyl)oxy)-5,1 1 -dioxo-1 H-py rrolo[2,1 -c]f1 ,41benzodiazeplne (1 75) 

101711 Anhydrous pyridine (0.46 mL, 0.452 g, 5.73 mmol) was added in one portion to a vigorously stirred solution 
of 174 (2.0 g, 4.77 mmol) in anhydrous DCM (100 mL) and the mixture left to stir for 10 minutes at room temperature^ 
Anhydrous Iridic anhydride (1.25 mL. 1.48 g, 5.25 mmol) was added quickly, in one portion, and the reachon m.xluie 
was allowed to slir a. room temperature for 4.5 h. The darkened, homogenous reaction mixture was poured mto cold 
saturated NaHC0 3 (200 mL) and the mixture was extracted with DCM (3 x 50 mL). The organic layers were comb.ned. 
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washed with water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation 
afforded the crude product, which was purified by flash column chromatography using 80:20 petroleum ether:EtOAc 
as eluent. Evaporation of the pure fractions in vacuo afforded the product (175) as a yellow oil (1 .79 g, 3.25 mmol. 68 
%). 1 H NMR (270 MHz, CDCI 3 ) 5 7.29 {s, 1H, ArH), 7.23 (s, 1H, ArH), 7.15 (t, 1H, J = 2.01 Hz, H3), 5.53 (d, 1H, J- 
5 10.07 Hz, SEM amino acetal CH 2 ), 4.68 (d, 1H, J= 9.89 Hz, SEM amino acetal CH 2 ). 

(1 1 aS)-7,8-dimethoxy-2-ethenyl-5.1 0,1 1 ,1 1 a-tetrahydro-1 0-(2-(trimethy lsilyl)et hoxymethyl)-5,1 1-dioxo«1 H- 
pyrrolo[2,1-c][1, 4] benzodiazepine (1 76) 

10 [0172] A catalytic amount of letrakistriphenylphosphine palladium [0] (4 mol%, 0.142 g, 0.123 mmol) was added to 
a stirred mixture of 175 (1 .69 g, 3.0b -mol), LiCI (0.39 g, 9.1 9 mmol), and tributytvinyltin (1 .1 6 mL, 1 .26 g, 3.98 mmol) 
in anhydrous THF (1 00 mL) and heaioo at reflux for 2.5 h. The cooled reaction mixture was diluted with DCM (100 mL) 
and the mixture washed with 10 % aqueous ammonium hydroxide {200 mL). The organic layer was washed with brine 
(2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 

is product, which was further purified by flash column chromatography using a 80:20 mixture of petroleum ether: EtOAc 
as eluent. Pure fractions were combined and evaporation of the solvent in vacuo afforded the product (176) as a 
colourless oil (0.992 g, 2.312 mmol, 75.5 %). %). 1 H NMR (270 MHz, CDCI3) 5 7.32 (s, 1H, ArH), 7.22. (s, 1H ? ArH), 
6.94 (s ; 1H, H3), 6.51 (dd, 1H, J - 10.62, 17.22 Hz, alkene CH), 5.51 (d, 1H, J = 10.07 Hz, SEM amino acetal CH 2 ), 
5.20 (d, 1H, J= 8.24 Hz, alkene CH 2 ), 5.15 (s, 1H, alkene CH 2 ), 4.66 (d, 1H, J= 9.89 Hz, SEM amino acetal CH 2 ) S 

20 4.54 (dd : 1H, J = 3.30, 10.62 Hz, H11a), 3.90 (s, 3H, OMe), 3.89 (s, 3H, OMe) : 3.82-3.60 (m, 3H : SEM 1'CH 2 + H1), 
2.91-2.82 (m, 1H : H1), 0.96 (t, 2H, J= 8.42 Hz, SEM 2' CH 2 ), -0.04 (s, 9H, SEM CH 3 ); 13 C NMR (67.8 MHz, CDCI 3 ) 
6169.3, 161.8, 152.1, 147.3, 133.8, 129.8, 126.0, 125.1, 121.2, 115.1, 111.4, 105.9, 78.5, 67.1,57.6,56.2, 56.2,29.6, 
18.4, -1.34. 

25 (llaSJ-IJIa-dihydro^S-dimethoxy^-eth^ 

[0173] Solid sodium tetraborohydride (NaBH 4 , 81 mg, 2.175 mmol) was added in one portion to a rapidly stirred 
solution of 176 (101 mg, 0.233 mmol) in a mixture of anhydrous EtOH (2 mL) and anhydrous THF (4 mL) at room 
temperature and allowed to stir for 4 h. The reaction mixture was diluted with water (5 mL) and extracted with CHCI 3 

30 (3x5 mL). The organic layers were washed with brine (10 mL) and dried over anhydrous MgS0 4 . Filtration and evap- 
oration afforded the crude product, which was stirred for 30 minutes with silica gel (0.25 g) in MeOH (5 mL). Excess 
methanol was removed by rotary evaporation, causing the crude product to be absorbed onto the silica gel. The plug 
of silica gel was added to the top of a silica gel column and the product was purified by flash column chromatography 
eluting with a 60:40 mixture of petroleum elher.EtOAc. Pure fractions were combined and evaporation of the solvent 

35 in vacuo afforded the product (177) as a yellow solid (33 mg, 0.116 mmol, 50 %). 1 H NMR (270 MHz, CDCy 6 7.86 
(d, 1H, J- 3.84 Hz, imine CH), 7.50 (s, 1H, ArH), 7.05 (br s, 1H, H3), 6.82 (s, 1H, ArH), 6.58 (dd, 1H, J= 10.62, 17.22 
Hz : alkene CH), 5.20-5.05 (m : 2H, alkene CH 2 ), 4.39-4.31 (m, 1H, H11a), 3.96 (s. 3H, OMe), 3.94 (s, 3H, OMe), 
3.39-3.12 (m,2H. H1); NMR (67.8 MHz, CDCl 3 ) 5 162.7, 161.5, 151.9, 147.8, 140.4, 129 9, 126.9, 123.9, 118.9, 
114.4, 111.6, 109.8, 77.3, 56.2 : 53.9, 33.7. 

40 

Example 1(h) : Synthesis of (11aS)-1,11a-dlhydro-7,8HJimethoxy^(4-methoxyphenyl)-5H-pyrrolo[2,1-c][1,4l 
benzodiazepin-5-one (See Figures 6a/b) 

[01741 
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(11aS)-7,8.dimetho*y-2.(4^ 

5,11-d»oxo-1 H-pyrrolo[2,1-c][1 ^benzodiazepine (178) 



20 



30 



35 



which was purified by Hash column chromatography on s.hca gel eluting with 6M0 pe roteum eiho 

tions wore combined and evaporation ol the solvent in vacuo afforded the product (178) as a yellow so I. g, 

SSgStSMSESSSSBSaSffi 

(11a S>.1,11a- di hydro-7,8<iimethoxy. 2 -(^^ 

[0176] Solid sodium tetraborohydride (NaBH, 70 mg, 1 .88 mmol) was added in one ^3 
qel (2.0 q). The mixturo was extracted with EtOAc (3x10 mL). I ne organs ^yt 

Ldriedover anhydrous M g SG 4 . Filtration and evaporation afforded ^^^^^ZJ^Sni 

Nash column chromatography eluting with a 50:50 m.xture of pe.ro.eum etherEt 38 , H NMR 

and evaporation of .he solvent in vacuo afforded the product as a ye»ow glass f ^ ^™ ™ ^ (d 2H , 

(270 MHz. CDCI 3 ) ft 7.89 (d, 1H, J- 4.03 Hz, Imine CM), 7.53 (s 1H, ArH) 739 (,. 1H. J - 1 83 H7. 1 ) 

J = 8.97 Hz. me.hoxypheny. ArH), 6.91 (d, 2H, J- 8.98 Hz. ™moxyphcny «C NMR 

Ht1a),3.97(s,3H.OMe).3.94(s.3H,OMe).3.91-3.W(^ 

(67.8 MHz, CDCI3) 8 162.7, 161.3. 159.2, 151.8. 147.8. 140.4, 126.3, 126.2, 126.0, 125.9. t<M* 
111.6, 109.8, 56.2. 56.1, 55.6, 35.6. 

5-one (See Figures 6a/b) 



[0177] 



MeO-^^V N - 




55 



( 11a^7,8-d i me,hoxy.2-pHeny^,10,11,1lB-tetr a h y dro-10-( 2 -(tri m ethy.sHy l )e. h 
py rro lo [2, 1 - c][A ,4]benzodiazepi no (1 80) 

[0178, Phenylboronic acid (334 mg, 2.74 mmo.. 2.54 eguiv.), Na 2 C0 3 p«M nij. ^' ^2i^J(S 
ny.phosphine) pa.ladium(O) (49.9 mg, 2% mmol, was added to a so.u,,on of ^^^^^J^i^ 
mg 1 .08 mmo,) in ethanol (21.6 mL) water (21 .6 mL) and the ^JT^^S^T* ™ mL). Z» (200 
for 2 hrs. The reaction mixture was diluted with ethyl acetate (200 mL washed ^ duct , 

mL). and dried over magnesium su.pha.e. Filtration and evapor* »«£ excess X [ M) 

which was subjected to flash column chromatography on silica gel (70 h 40 60 petroleum e 
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to afford, after removal of excess eluent. the compound 180 (405 mg, 0.84 mmol, 78% yield). 1 H NMR (270 MHz 
CDCI,) 6 7 5-7 1 (m 8H). 5.53 (d, 1H. J= 10.08 Hz), 4.67 (d, 1H, J- 10.08 Hz) 4.65-4.59 (m. 1H) 4.0-3.60 (m 9H . 
3 12 (dd 1H J= 10 63. 16.12 Hz). 0.99-0.93 (m. 2H) 0.00 (s, 9H); '3 C NMR (67.8 MHz, CDCI 3 ) 8 168.3, 161.9, 152.1, 
147.3, 133.9, 132.7, 128.7, 127.6, 125.7. 121.8, 121.1, 111.3, 105.8, 78 4, 67.2. 57.6, 56.2, 31.3, 16.4, -1.3 

(1 1 aS)-1 ,1 1 a-dihydro-7,8-dimethoxy-2-phenyl-5H-py rrolo[2,1-c][1 ,4]benzodiazepin-5-one (1 81 ) 

[0179] Solid sodium tetraborohydride (287 mg, 7.6 mmol. 10 equiv.) was added in one portion to 
solution of 180 (365 mg, 0.76 mmol) in a mixture of anhydrous BOH (8 mL) and anhydrous THF (8 mL) a C C. The 
reaction mixture was allowed to stir at room temperature for 1 hour at room temperature at winch time TLC (5 h melh- 
anol: 95% chloroform) revealed the complete consumption of starting material. The reaction mixture was diluted wrth 
ethyl acetate (100 mL), washed with water (2 x 100 mL), brine (100 mL) and dried over magnesium sulphate. F.tt at on 
and evaporation of excess solvent afforded the crude product as a brown viscous oil. ^ hR ^<V<£ 
gel 70% 40-60* petroleum ether, 30% ethyl acetate yield the final product (181) (271 mg 0 7 'mmol, 74-) H I NMR 
?270 MHz CDCU) 8 7.89 (d. 1 H. J •- 4.03 Hz). 7.53 (S, 1H), 7.51 (s. 1H), 7.40-7.20 (m. 5H), 6.83 (s, 1H). 45MJ36 
m 1 H 3.96 (S. 3H). 3.94 (s. 3H), 3 66-3.36 (m, 2H). «C NMR (67.8 MHz, CDC 3 ) 5 162.6 161 5. 151 .9, 147.8, 1404. 
133.3. 128.8, 127.6, 127.1. 124.9, 123.6, 119.0, 111.6, 109.8. 56.2, 53.9, 35.4. HRMS (FAB) calcd tor C^H^Og 
(W +1) 335.1398, lound 335.1396 

Example 2(a) : Synthesis of the C7-lodo-C2-methlene P BD Monomer BSD-SJG (64. UP-2023) (see Figure 7) 
10180) 




(S)-W-(Allyloxycarbonyl)-2-(tert-butvldimethylsilyloxymethyl)-4-methylidenepyrrolidine (57) 

[0181] Potassium terf-butox.de (41 .0 mL of a 0.5 M solution in THF. 20.5 mmol) was added dropwise to a ' suspension 
of methyltriphenylphosphonium bromide (7.29 g, 20.4 mmol) in THF (20 mL) a, 0"C '< ice ™^^ 
stirring for 2 hours at 0 C C, a solution of the ketone 16 (example 1(b)) (3.20 g, 10.2 mmol) m THF (10 mL was added 
d rpwise and the mixture allowed to warm to room temperature. After stirring for a further 30 ^inu es the 
mixture was diluted with EtOAc (150 mL) and water (150 mL) and the organic layer scpa «ted. washed wrth bnne 
dried (MgS0 4 ), filtered and evaporated in vacuo to give a yellow oil in which crystals fTPO) formed I upon anding^ n 
the freezer. Purification by flash chromatography (5% EtOAovPc.ro.eum Ether) isolated the pure olefin £7 as a cotour- 
less oil (2 76 q 87%)- = -22.2 • (c = 0.25, CHCI3); 'H NMR (270 MHz, CDCI 3 ) (Rotamers) 8 6.02-5.87 (m 1H, 

NCO cS CH-CHo) 5 3 (ddd 1HJ 1 65, 3.11, 17*0 Hz, NCO^H^CH,). 5.21 (dd. 1H, J = 1.46, 10.40 Hz, 
NCO^C . H£S (m, 2H. NCH^C 4). 4,0 (d, 2H, ^f^^^2^^ 2H 
NCHCH OTBDMS^ 3 93-3 87 {m 1H NCHCH 2 OTBDMS), 3.66-3.42 (m, 2H, NCH 2 0-CH 2 ), 2.80-2.56 (n% ZH, 
SS^S^oi" « «(CH )3 ), 0 03-O.02 (m, 6H, Si(CH 3 ) 2 , «c NMP . (67, MHz, CDCy I (Ro.ame,) 0 
154.4 (NCO), 145.1 and 144.1 (NCH 2 C=CH 2 ), 133.1 (NC0 2 CH 2 CH=CH 2 ). ' * "^fS 
,07.5 and 106.9 (NCH 2 C-CH 2 ), 65.8 and 65.6 (NC0 2 CH 2 CH=CH 2 ). 637 and 611 C ^O TBO MSl^ aJ 
58.3 (NCHCH 2 OTBDMS), 51 .1 (NCH 2 C=CH 2 ). 34.9 and 34.2 C NCH 2 C=CM^^ 25^ <S,C ' 
-5 5 Si(CH 3 > 2 ; MS (CI), m*(re.alive intensity) 312 (M- + 1, 82), 296 (9), 279 (5). 255 (20 254 {M-OC^ > o< M Bo. 
100) 168 J). 122 (14); IR (Neat) 3083 (C=CH 2 ). 2954, 2847. 1709 (NC=0). 1533, 1467, 1404 (S,CH 3 ). 1360, 1310. 
1252 (SiCH 3 ), 1207, 1174, 1103, 1076, 1006, 836, 776, 680 cm 1 . 

(2S)-2-(fer^butyldimethylsilyloxymethyl)-4-methylidenepynolidine(58) 

[01821 A ca.a.y,ic amount of PdCI 2 (PPh 3 >2 W ««. 0.131 mmol) was added to a solution of the W 
10q 3 22 mmol) and H 2 D ,0.34 mL, 18.9 mmol) in CH 2 CI 2 (30 mL). After 5 m.nutes St.rr.ng at room tempera e 
Bu SnH (0 96 mL 1 04 g 3.57 mmol) was added rapidly in one portion. A slightly exothermic reaction with vigorous 
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gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
point TLC (50% EtOAc/Petroieum Ether) revealed the formation of amine. After diluting with CH 2 CI 2 (30 ml_), the 
organic solution was dried (MgS0 4 ). fillered and evaporated in vacuo to give an orange oil which was purified by flash 
chromatography (50-1 00% EtOAc/Petroleum Ether) to afford the amine 58 as a slightly orange oil (0.56 g, 77%): [a] 21 D 

5 = -3.9 ° (c« 5.0, CHCI 3 ) ; f H NMR (270 MHz, CDCI 3 ) 8 4.93 (I, 1H, J - 2. 02 Hz ; NCH 2 C=CH 2 ), 4.90 (t, 1H. J= 2.02 
Hz, NCH 2 C=CH 2 ), 3.68-3.46 (m, 4H, NCHCW,OTBDMS and NCH 2 C=CH 2 ), 3.30-3.21 (m ; 1H, NCHCH 2 OTBDMS), 
2.53-2.41 (m, 2H : NCH^C-CH 2 CH 2 and NH), 2.26-2.17 (m, 1H, NCH 2 C=CH 2 CH 2 ), 0.90 (s, 9H, SiC(CHJ a ), 0.06 (s, 
6H, S\{CH^ 2 ); 13 C NMR (67.B MHz, CDCI 3 ) 5 150.0 (NCH 2 C=CH 2 ), 104.7 (NCH 2 C-CH 2 ), 64.7 (NCHCH 2 OTBDMS). 
60.5 (NCHCH 2 OTBDMS), 51 .3 (NCH 2 C=CH 2 ), 34.9 (NCH 2 C=CH 2 CH 2 ), 25.9 (SiC(CH 3 ) 3 ).. 18.3 (SiC(CH 3 ) 3 ), -5.4 (Si 

10 (CH 3 ) 2 ); MS (El), m/7. (relative intensity) 227 (M + -, 8), 212 (6), 170 (M- l Bu, 36) t 96 (8), 82 (M-CH 2 OTBDMS ; 100), 75 
(11); IR (Neat) 3550-3100 (br, NH), 3074 (C=CH 2 ), 2929, 2857, 1664 (C-C), 1472, 1424, 1391, 1380, 1361, 1255, 
1190. 1101. 1006, 939, 880, 838, 777, 723, 668 cm* 1 . 

(2S)-/v^[5-lodo-2-(2,2,2-trichloroethyloxycar^^ 
'5 4-methylidinepyrrolidme (60) 

[01 83] A catalytic amount of DMF (3 drops) was added to a stirred solution of the Troc protected anlhranilic acid 59 
(0.46 g, 1.04 mmol) and oxalyl chloride (0.10 mL 0.15 g, 1.15 mmol) in CH 2 CI 2 (30 mL). After 16 hours at room 
temperature the resulting acid chloride solution was added dropwise over 30 minutes to a stirred mixture of the amine 

SO 58 (0.26 g, 1 . 1 5 mmol) and TEA (0.26 g, 0.36 mL, 2.58 mmol) in CH 2 CI 2 (1 5 mL) at -20°C (CCl 4 /liq.N 2 ) under a nitrogen 
atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for a further 45 minutes. At 
this point TLC analysis (50% EtOAc/Petroleum Ether) revealed complete reaction. The mixture was washed with sat- 
urated NaHC0 3 (30 mL), saturated NH 4 CI (30 mL), H 2 0 (25 mL), brine (30 mL) , dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the amide 60 as a dark oil (0.65 g, 96%): *H NMR (270 MHz. CDCI 3 ) (Rotamers) & 8.92 (br s, 1H), 

25 8.05-7.88 (m, 1H), 7.74-7.64 (m, 1H), 7.56-7.46 (m, 1H), 5.08-4.95 (m, 2H), 4.84 (d, 1H, J= 11.91 Hz), 4.75 (d, 1H, J 
- 11.91 Hz), 4.74-4.65 (m, 1H), 4.21-3.68 (m, 4H), 2.96-2.65 (m, 2H), 0.95-0.87 (m, 9H), 0.1-0.03 (m, 6H). 

(2S)-W-(2-Amino-5-iodoben2oyl)-2-(hydroxymethyl)-4-methylidenepyrrolidine (61) 

30 [01 84] A solution of TBAF (1 .24 mL of a 1 M solution in THF, 1 .24 mmol) was added to the silyl-ether 60 (0.64 g, 0.99 
mmol) in THF (15 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
45 minutes TLC (50% EtOAc/Pet-Ether40 °- 60 °) revealed the complete disappearance of starting material. Saturated 
NH 4 CI (75 mL) was added and the reaction mixture extracted with EtOAc (3 X 30 mL), washed wilh brine (30 mL), 
dried (MgS0 4 ), filtered and evaporated in vacuo to give an orange oil. Purification by flash chromatography (50% 

35 EtOAc/Pet-Ether 40 °- 60 °) provided the pure amino-alcohol 61 as a viscous oil (0.18 g, 51%): *H NMR (270 MHz, 
CDCI 3 ) 6 7.72-7.61 (m, 1 H), 7.55-7.40 (m, 1 H), 6.51 -6.49 (m, 1 H), 5.02-4.94 (m, 2H), 4.80-3.80 (m, 8H) : 2.81-2.79 (m, 
1 H), 2.43-2.40 (m, 1H); MS (El), m/z (relative intensity) 359 (M + - + 1,5), 358 (M + *. 33), 328 (3), 327 (10), 254 (3) t 247 
(11), 246 (100), 218 (18). 164 (2), 127 (4), 120 (4), 119 (10), 113 (9), 112 (91), 94 (2). 91 (20), 90 (5), 82 (10), 67 (2), 
64 (3), 63 (3), 52 (3). 

40 

(2S)-W-[5-lodo-2-(2,2 t 2-trichloroethyloxycarbonylamino)-ben2oyl]-2-(hydroxymethyl)-4-methylidinepyrro!idine 
(62). 

[0185] A solution of the amine 61 (179 mg, 0.50 mmol) in CH 2 CI 2 (15 mL) was cooled to 0 n C (ice/acetone) and 
« treated with pyridine (81 u.L, 79 mg, 1.0 mmol). A solution of 2,2,2-trichloroethylchloroformate (76 nL, 117 mg, 0.55 
mmol) in CH 2 CI 2 (5 mL) was then added dropwise to the stirred mixture. 

[0186] The reaction mixture was allowed to warm to room temperature and stirred lor a further 2 h. at which point 
TLC (EtOAc) revealed complete consumption of amine 61. The reaction mixture was washed with saturated CuS0 4 
(25 mL), H 2 0 (25 mL), brine (25 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified 

50 by flash chromatography (50% EtOAc/Petroleum Ether) to afford the pure troc-amino compound 62 as an oil (1 89 mg, 
71%): 1 H NMR (270 MHz, CDCI 3 ) 5 8.90 (br s, 1H), 7.75-7.66 (m, 3H), 5.02-4.92 (nv 3H), 4.87 (d, 1H, J= 12.09 Hz), 
4.72 (d, 1H, J= 12.09 Hz), 4.15-4.08 (m,2H), 3.90-3.85 (m, 2H), 3.65-3.63 (m, 1 H), 2.80-2.71 (m, 1H) S 2.50 (d, 1H : J 
* 14.83 Hz); 13 CNMR (67.8 MHz, CDCI 3 ) 5 167.7, 151.9, 142.7, 139.6, 135.6, 134.8, 127.7, 123.4, 108.4, 95.1, 86.6, 
74.3, 63.9, 59.0, 53.5, 33.7; MS (El), m/z (relative intensity) 536 (5), 535 (3), 534 (15), 533 (M-, 3), 532 (15), 503 (2), 

55 501 (2), 422 (4), 420 (5), 385 (8). 384 (8), 366 (3), 353 (11), 290 (9), 273 (8), 272 (76), 246 (6), 245 (18), 218 (4), 217 
(5), 216 (8), 146(4), 145 (10). 133 (4), 131 (4), 119(6), 117(7), 115(11), 113 (17), 112 (39). 97 (4), 96 (3), 95 (12), SO 
(5), 84 (5), 83 (7), 82 (100). 79 (7), 77 (21), 67 (2). 63 (4), 61 (3), 51 (6); exact mass calcd for C 16 H 16 N 2 0 4 CI 3 l m/e 
531.9221 . obsd m/e 531 .9155. 
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(1 1 S,1 1 a ^-1 1 -Hyd roxy-7-iodo*2-met^ 
hexahydro-5H-pyrrolo[2,1-c] [1,4]benzodiazepin-5-one (63) 

[01 87] A solution of the alcohol 62 ( 1 89 mg, 0.35 mmol) in CH^C^CN (1 2 mL, 3 :1 ) was treated with 4 A powdered 
f molecular sieves (1 00 mg) and NMO (62 mg, 0.53 mmol). After 15 minutes stirring at room temperature, TPAP (6.2 
mg, 1 7.7 umol) was added and stirring continued for a further 1 hour at wh ich point TLC (50% EtOAc/Petroleum Ether) 
showed product formation along with some unoxidised starting material. The mixture was then treated with a further 
quantity of NMO (62 mg, 0.53 mmol) and TPAP (6.2 mg, 177 umol) and allowed to stir for a further 30 minutes after 
which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to Mash 
io chromatography (40% EtOAc/Pet role urn Ether) to provide the protected carbinolamine 63 as a white glass (93 mg 
49%): 1 H NMR (270 MHz, CDCI 3 ) 5 8.09 (d ; 1K J= 2.01 Hz), 7.80 (dd, 1 H, J- 8 43, 2.20 Hz), 7.10 (d. 1H, J = 8.43 
Hz), 5.60 (d ? 1H, J = 9.71 Hz), 5.20-5.04 (m t 3H), 4.79-4.50 (m, 1H), 4.32-4.08 (m, 3H), 3.63 (t. 1H, J= 8.79 Hz), 
2.99-2.89 (m, 1 H) 5 2.72 (d, 1 H, J= 15.94 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 65.0, 1 54.1 , 141 .0, 1 40.2, 137.7. 134.5^ 
133.6, 132.0, 110.4, 94.7, 93.4, 85.7, 75.0, 59.4, 50.7, 35.0; MS (El), m/z (relative intensity) 533 (6). 532 (22), 531 
(M+-, 8), 530 (17), 529 (10), 449 (5), 383 (6) } 354 (7), 353 (5), 338 (6), 325 (5), 290 (5), 274 (15), 273 (8), 272 (43), 
254 (5), 245 (8), 218 (5), 216 (12), 147 (5), 146 (6), 145 (9), 133 (10), 131 (9), 128 (5), 127 (15), 119 (11), 117 (5). 97 
(6), 95 (9) ; 92 (6), 91 (6), 90 (6), 83 (11), 82 (100). 81 (7), 80 (8), 75 (5), 63 (7), 53 (5); exact mass calcd for 
C 16 H U N 2°4 IC, 3 oVe 531.9037, obsd m/e531.8988. 

20 (11aS)-7-lodo.2-methyndene-1 ,2,3,1 1a-tetrahydro-5H-pyrrolot2,1-cl[1 ,4]benzodiazepin-5-one (64, UP2023, 
BSD-SJG). 

(0188) 10% cadmium- lead couple (109 mg ; 0.875 mmol) was added to a stirred solution of the Troc- protected car- 
binolamine 63 (93 mg, 0.175 mmol) In THF (1 mL) and aqueous IN ammonium acetate (1 mL). After 45 minutes at 
25 room temperature TLC revealed complete reaction (70% EtOAc/Petroleum Ether). The mixture was diluted with EtOAc 
(30 ml), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(70% EtOAc/Petroleum Ether) to provide the novel PBD (64, BSD-SJG, UP2023) as a white solid (27 mg, 46%): mp 
*C; 1H NMR (270 MHz, CDCI3 + CD 3 OD) (11S.11aS isomer) 5 8.10 (d, 1H, J= 1.46 Hz), 7.65 (ri, 1H, J= 879 Hz), 
6.86 (d, 1H, J = 8.06 Hz), 5.14-5.10 (m, 2H), 4.66 (d, 1H, J = 5 13 Hz), 4.34 (d, 1H, J- 16.12 Hz) ; 4.23 (d, 1H, J = 
30 16. 12 Hz), 3.80-3 71 <m, 1 H). 3.34 (s, 3H), 3.03-2.86 (m, 1H),2.65(d, 1H, J= 16.02 Hz); MS (El), m/z (relative intensity) 
(N10-C11 imine form) 339 (M + - + 1 . 20). 338 (M + \ 100), 337 (1 7). 323 (5). 311 (4). 310 (5), 257 (5). 230 (4). 229 (13), 
211 (4), 203 (4), 202 (8), 184 (8), 183 (4), 103 (5). 82 (17), 81 (4), 80 (5), 76 (6), 75 (16), 74 (5). 55 (4), 53 (4); IR 
(NUJOL®) 3295 (br) r 2923, 2853, 1716, 1615, 1506, 1457,1377, 1317, 1278, 1238, 1169, 1118, 1063,999, 895,818, 
751, 718 cm 1 : exact mass calcd for C^^Oi m/e 337.9916, obsd m/e 337.9870. 



Example 2(b) : Synthesis off the C8~Benzvl-C7-Methoxy-C2-methlene PBD Monomer SJG-244 (70) (see Figure 8) 



(2S)-Af(4-Benzyloxy-5-methoxy-2-nitrobenz 
4-methylidenepyrrolidine (65) 

50 

[0190] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-acid 1 (0.645 g, 2.13 mmol) 
and oxalyl chloride (0.23 mL. 0.33 g t 2.60 mmol) in CH 2 CI 2 (40 mL). After 1 6 hours at room temperature the resulting 
acid chloride solution was added dropwise to a stirred mixture of the amine 58 (0.522 g ; 2.30 mmol) and TEA (0.58 g, 
0.80 mL, 5.73 mmol) in CH 2 CI 2 (5 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was 
55 allowed to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CH 2 CI 2 (50 mL), 
washed with saturated NaHCO a (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL), brine (50 mL), dried (MgS0 4 ). filtered 
and evaporated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (20% 
EtOAc/Petroleum Ether) isolated the pure amide 65 as a sticky orange oil (0.86 g, 79%). [ap D = -47.2 0 (c = 2.79, 



35 



[0189] 
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CHCI 3 ); 1 H NMR (270 MH?, CDCl 3 ) (Rotamers) 5 7.78 and 7.77 (s x 2, 1H arom ), 7.48-7.35 (m, 5H arom ), 6.82 and 6.78 
(s x 2. 1H arom ). 5.23 and 5.21 (s x 2, 2H, PhCH^O), 5.09-4.83 (m. 2H, NCH 2 C=CH 2 ), 4.59-4.49 (m, 1H, 
NCHCH 2 OTBDMS), 4.03-3.08 (m, 7H, NCHCH 2 OTBDMS.. HCHJZ=CH 2 and OCH 3 ), 2.80-2.56 (m : 2H, 
HCH 2 C=CH 2 CH 2 ), 0.89 and 0.79 (s x 2, 9H, SiC(CHj) 3 ), 0.122, -0.11 and -0.14 (s X 3, 6H, S\{CH 3 ) 2 ), 13 C NMR (67.8 

5 MHz, CDCI 3 ) (Rotamers) 5 166.2 (NC=0), 154.8 and 154.6 (C^.J, 148.2 and 148.0 (C quat ), 144.1 and 143.2 (C qual ), 
137.1 (C quat ), 135.3 (C quat ), 128.8 and 128.5 (BnC-H ;irom ) ; 128.2 (C quat ), 127.6 (BnC-H^J, 110.1 and 109.2 (O 
H ar oJ. 1 09-0 ™<* 1 08.5 (C-H arom ), 107.5 (NCH 2 OCH 2 ), 71.3 (PhCH 2 0). 637 (NCHCH 2 OTBDMS), 60.2 
(NCHCH 2 OTBDMS), 58.1 and 56.6 (OCH 3 ), 52.8 and 50.5 (NCH 2 C=CH 2 ), 34.9 and 33.9 (NCH 2 CrrCH 2 CH 2 ) i 25.8 and 
25.7 (SiC(CH 3 ) 3 ), 1 8.2 (SiC(CH 3 )3), -5.4 and -5.6 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 512 (W, 3), 497 (M-CH 3 , 

10 4), 455 (M-»Bu, 100), 380 (2), 364 (5), 286 (M-NCH 2 C=CH 2 CH 2 CHCH 2 OTBDMS, 40), 279 (9), 226 
(NCH 2 C=CH 2 CH 2 CHCH 2 OTBDMS, 5), 168 (10), 149 (27), 91 (PhCH 2: 62), 73 (8), 57 (9); IR (NEAT) 3066, 3034, 2953, 
2856, 2245, 1644 (NC=0), 1578. 1520, 1454, 1426, 1379, 1335, 1276, 1220 : 1186, 1106, 1059, 1016, 910. 836, 815, 
779, 734,697,655,614 cm- 1 . 

15 (2S)-A^(4-8enzyloxy-5-methoxy-2-nitrobenzoyl)-2-(hydroxymethyt)-4-methylidenepyrroljdine (66) 

[01 91] A solution ol TBAF (2.10 mL ot a 1M solution in THF, 2.1 0 mmol) was added to the silyl-ether 65 (0.86 g, 1 .68 
mmol) in THF (20 mL) at 0*C (ice/acetone). The reaction mixture was allowed lo warm to room temperature following 
a colour change (yellow^dark red). After a further 40 minutes TLC (50% ElOAc/Pel-Ether 40°- 60°) revealed the 

20 complete disappearance of starting material. Saturated NH 4 CI (1 00 mL) was added and the reaction mixture extracted 
with EtOAc (3 X 40 mL), washed with brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuoXo give a dark 
orange oil which was purified by flash chromatography (60% EtOAc/Petroleum Ether) to provide the pure alcohol 66 
as a white solid (0.64 g, 96%): [a] 19 D = -22.9 0 (c= 0.20, MeOH); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.78 and 
7.76 (s x 2, 1H aro J, 7.49-7.33 (m, 5H afom ), 6.91 and 6.82 (s x 2, 1H arom ), 5.22 (s, 2H : PhCHfi), 5.10 (m, 1H, OH), 

25 5.03-5.01 (m, 1H, NCH 2 C-CH 2 ), 4.90-4.85 (m : 1H. NCH,C=CH 2 ), 4.65-4.55 (m, 1K NCHCH 2 OH), 3.99 and3.95 (s 
x 2, 3H, OCH 3 ) : 3.90-3.72 (m, 4H, NCHCH^OH and NCA7/>CH 2 ), 2.90-2.87 (m, 1H, NCH 2 C-CH 2 CH 2 ), 2.53-2.47 (m, 
1H. NCH 2 C=CH 2 CH,); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 177.4 (NC=0). 155.1 (C qual ), 148.3 (C qual ), 142.6 
(C quBl ). 137.0 (C^J, 135.2 (C qual ), 128.9, 128.6 and 127.6 (BnC-H arom ), 109.1 <C-H aron ,), 108.5 (C-H arom ), 108.3 
(NCH 2 C^CH 2 ), 71 .4 (PhCH 2 0), 65 2 and 63.7 (NCHCH 2 OH), 60.4 (NCHCH 2 OH) r 56.8 and 56.7 (OCH 3 ), 53.0 and 

30 50.1 (NCH 2 C-CH 2 ), 35.1 and 34.4 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 398 (M+-, 2). 380 (3), 368 (4), 
354 (1). 286 (M-NCH 2 C-CH 2 CH 2 CHCH 2 OH, 54), 270 (2), 256 (1). 164 (2), 136 (4), 135 (3), 121 (4) ? 112 
(NCH 2 C^CH 2 CH 2 CHCH 2 OH, 3). 91 (PhCH 2 , 100) ; 82 (3), 69 (4), 65 (6); IR (NUJOL® ) 3600-3200 (br, OH), 2923. 
2853. 1718, 1663, 1611 (NOO), 1577, 1517, 1460, 1376, 1332, 1275, 1224, 1176, 1052, 990, 925, 886, 862, 796, 
759, 723, 702 615 cm 1 ; exact mass calcd for C^H^NjOg m/e 398.1478, obsd m/e 398.1490. 

35 

(2S)-N-(2-Amino-4-benzyloxy-5-r^ (67) 

[0192] The nitro-alcohol 66 (0.637 g, 1 .60 mmol), SnC! 2 2H20 (1 .81 g, 8.0 mmol) and methanol (36 mL) were heated 
at reflux and monitored by TLC (90% CHCI^MeOH). After 1 hour the MeOH was evaporated in vacuo and the resulting 

40 residue cooled (ice), and treated carefully with saturated NaHC0 3 (120 mL). The mixture was diluted with EtOAc (120 
mL), and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration through celite. 
The organic layer was separated, washed with brine (100 mL). dried (MgS0 4 ), filtered and evaporated in vacuo to give 
an orange glass. Flash chromatography (EtOAc) afforded the pure amine 67 as a pale yellow glass (0.37 g, 63%): 
la]23 D = .42.7 0 (c = 3.7, CBCI 3 ); 1 H NMR (270 MHz ; CDCy 6 744-7.29 (m, 5H afom ), 6.77 (s, 1 H arom ) ; 6.27 (S, 1 H aro J, 

45 5.12 (S : 2H, PhCHp), 5.06-5.00 (m, 1H, NCH 2 C=CH 2 ). 4.99-4.92 (m, 1H, NC^C-CH,), 4.63-4.53 (m, 1H, 
NCHCH 2 OH), 4.25-3.60 (m, 10H, NCHC/-/ 2 OH, NCH 2 C=CH 2 , OCH 3 , OH and NH 2 ) : 2.77 (dd, 1H, J- 8.52. 15.85 Hz, 
NCH 2 C=rCH 2 CH 2 ), 2.43-2.39 (m, 1 H, NCH 2 C=,CH 2 CH>) ; 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 71 .4 (NO-O), 151 .0 (C quat ), 
143.3 (C quat ), 141.5 (C qual ), 140.6 (C qua} ). 136.5 (C^). 128.6 and 128.0 (BnC-H arom ), 127.8 <C quat ), 127.1 (BnO 
H arom ). 112.5 (C-H arom ), 107.8 <NCH 2 C-CH 2 ), 103.0 (C-H urom ), 70.6 (PhCH 2 0), 65.9 (NCHai 2 OH), 60.0 

so (NCHCH 2 OH) ; 57.1 (OCH 3 ), 53.3 (NCH 2 C-CH 2 ), 34.4 (NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) 368 {W, 
100), 353 (M-CH 3> 2), 340 (1), 286 (2), 273 (4), 256 (M-NCH 2 C-CH 2 CH 2 CHCH 2 OH, 59).. 249 (8), 226 (4), 200 (2), 196 
(2), 166 (5). 138 (1 7), 112 <NCH 2 C=CH 2 CH 2 CHCH 2 OH, 39), 91 (PhCH 2 .. 70), 82 (5), 65 (5); IR (NEAT) 3600-3000 (br, 
NH 2 and OH), 3065, 3052, 2932, 2869, 2246, 1668, 1620, 1592, 1513, 1454, 1408, 1264, 1229, 1197, 1176, 1113, 
1079, 1002, 909, 733, 698, 645 cm-'; exact mass calcd for C 21 H 24 N 2 0 4 m/e 368.1736, obsd m/e 368.1662. 

55 
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(2S)-M[(2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-(hydroxymethyl)- 
4-methylidenepyrroHdine (68) 

[0193] A solution of the amino-alcohol 67 (0.33 g, 0.90 mmol) in CH 2 C! 2 (20 ml_) was cooled to 0°C (ice/acetone) 

5 and treated with pyridine (0.14 mL, 0.14 g, 1 .77 mmol). A solution of ally! chioroformate (87 uX, 99 mg, 0.82 mmol) in 
CH 2 CI 2 (7 mL) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (ElOAc) revealed complete consumption of amine 67. 
The reaction mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (40 mL), H 2 0 (40 mL), brine 
(40 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 

10 (80% EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 68 as a white solid (0.34 g, 84%): [a] 22 D = - 
22.4 • (c« 3.4, CHCI 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 58.52 (br s, 1H, NH). 7.82 (br S, 1H arom ), 7.49-7.29 (m, 5H aro J, 
6.84 (s, 1H aro J, 6.02-5.88 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5 39-5.22 <m ; 2H, NC0 2 CH 2 CH=CH 2 ) : 5.17 (s, 2H, PhCH 2 0), 
5.01 (br s, 1H, NCH 2 C=CH 2 ), 4.94 (br s, 1H, NCH 2 C=CH 2 ), 4.64-4.59 (m. 3H ; NCHCH 2 OH and NC0 2 CB>CH=CH 2 ), 
4.21-3.60 (m, 8H, NCHCH 2 OH, NCH 2 C=CH 2 , OCH 3 and OH), 2.77 (dd, 1H, J - 8.61, 15.94 Hz, NCH 2 C=CH 2 CH 2 ) t 

t5 2.46 (d. 1H.J- 15.94 Hz, NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, COCI 3 ) 6 171 .4 (NOO amide ), 153.7(^0-0^^), 
150.3 (C quat ), 144 .5 (C quat ), 143.0 (C qual ). 136.2 (C quat ), 132.4 (NC0 2 CH 2 CF=CH 2 ), 131 .3 (C quat ) ( 128.6, 128.1 , and 
127.7 (BnC-H arom ) ( 118.1 (NC0 2 CH 2 CH=CH 2 ), 111.1 (C-H arom ), 108.1 (NCH 2 C=CH 2 ), 106.5 (C-H^J, 70.7 
(PhCH 2 0), 65.8 (NC0 2 CH 2 CH=CH 2 ), 65.5 (NCHCH 2 OH) s 59.9 (NCHCH 2 OH), 56.7 (OCH 3 ), 54.0 (NCH 2 C=CH 2 ), 34.1 
(NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) 452 (M> , 38) : 3£-5 (M-0C 3 H 5 , 4), 394 (10), 340 

20 (M-NCH 2 C- CH 2 CH 2 CHCH 2 OH : 20), 298 (7), 282 (22), 255 (8). 206 (2), 192 (2), 163 (3), 136 (3), 114 (6), 112 
(NCH 2 C=CH 2 CH 2 CHCH 2 OK 12), 91 <PhCH 2 , 100), 82 (10), 65(4), 57 (OC 3 H 5> 7); I R (NUJOL® ) 3600-2000 (br, OH), 
3335, 3242, 2922, 2854, 1724, 1614, 1537, 1463, 1407, 1378, 1349,1280, 1214, 1178, 1117, 1054. 1028, 995,947, 
908. 892 r 853. 821 , 768, 735, 697, 629, 601 f 514 cm 1 ; exact mass calcd for C 25 H 28 N 2 0 6 m/e 452.1947, obsd m/e 
452.1923. 

25 

(11S.11aS)-10-Allyloxycarbonyl-8-benzyloxy-11-hydroxy-7-methoxy-2-methylidene-1 ,2,3,10,11, 11a- 
hexahydro-5W-pyrrolo[2,1-ej[1 ,4}benzodiazepin-5-one (69) 

[0194] A solution of DMSO (0.18 mL. 0.20 g, 2.56 mmol) in CH 2 CI 2 (4 mL) was added dropwise over 30 minutes to 
30 a solution of oxalyl chloride (0.63 mL of a 2.0 M solution in CH 2 CI 2 , 1.26 mmol) at -45°C (dry ice/CH 3 CN) under a 
nitrogen atmosphere. After stirring at -45°C for 30 minutes, a solution of the alcohol 68 (0.42 g. 0.93 mmol) dissolved 
in CH 2 Cl 2 (8 mL) was added dropwise over 35 minutes at -45°C. After 45 minutes at -45°C, the mixture was treated 
dropwise with TEA (0.50 mL, 0.36 g, 3.56 mmol) in CH^ (4 mL) over 30 minutes at -45°C. After 35 minutes, the 
reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (30 mL), washed with IN HCI 
35 (20 mL) : H 2 0 (20 mL), brine (30 mL), dried (MgSOJ, filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed sufficient product formation and a trace of unoxidised starting material. Purification 
by flash chromatography (50% EtOAc/Petroleum Ether) furnished the protected carbinolamine 69 as white glass (0 . 1 72 
g. 41%): 'H NMR (270 MHz, CDCI 3 ) 6 7.48-7 27 (m, 5H aro J, 7.25 (s, 1H aro J, 6.74 (br s, lH arom ), 5.65-5.53 (m, 1H, 
NC0 2 CH 2 CHtCH 2 ). 5.56 (d, 1 H, J = 9.89 Hz, NCHCHOH), 5.22-5.04 (m, 6H, NCH 2 C=CH 2 , NC0 2 CH 2 CH=Ctf 2 and 
40 PhCHp), 4.64-4.42 (m, 3H, NC0 2 CH 2 CH-CH 2 and OH). 4.28 (d. 1H, J= 15.94 Hz, NCH>C=CH 2 ), 4.09 (d, 1H, J = 
15.94 Hz, NCH 2 C-CH 2 ), 3.92 (s, 3H, 0CH 3 ), 3.62 (t, 1H, J= B.79HZ. NCHCHOH), 2.90 (dd, 1H, J= 8.97. 16.03 Hz, 
NCH 2 C=CH 2 CH 2 ), 2.67 (d, 1H, J~ 16.03 Hz, NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI^ 5 166.8 (NC-O amkJe ), 

156.0 (NCzO^J, 150.1 (C qua! ), 149.0 (C qual ), 141.8 (C^,). 136.1 (C quat ), 131.8 (NC0 2 CH 2 CH^CH 2 ), 128.6, 

128.1 and 127.3 (BnC-H arom ), 125.6 (C quat ), 118.0 (IMC0 2 CH 2 CH=CH 2 ), 114.6 (C-H arom ), 110.6 (C-H afom ), 109.8 
45 (NCH 2 C=CH 2 ) ? 85.8 (NCHCHOH), 71.0 (PhCH 2 0) : 66.7 (NC0 2 CH 2 CH=CH 2 ), 59.8 (NCHCHOH), 56.2 (OCH 3 ), 50.7 

(NCH 2 C^CH 2 ), 35.0 (NCH 2 C=CH 2 CH 2 ); MS (El), m/Z (relative intensity) 450 (M% 24), 422 (1), 392 (1), 364 (1), 348 
(3), 340 (12), 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 (3). 110 (3), 91 (PhCH 2 , 100), 82 (17), 
65(7); lR(NUJOL®) 3600-2500 (br, 0^,2923,2854, 1711, 1619, 1601, 1513, 1463, 1405, 1377, 1300, 1278, 1202, 
1119 : 1045. 993, 956, 909, 790, 768, 724, 697, 637 cm' 1 ; exact mass calcd for C 25 H 26 N 2 O s nVe 450.1 791, obsd m/e 
50 450.1790. 

Alternative synthesis (1 1 S,1 1 aS)-1 0-Ally loxycarbonyl-8-benzyloxy-1 1 -hydroxy-7-mcthoxy-2-methy lidene- 
1 ,2,3,1 0,1 1 ,1 1 a-hexahydro-5H-pyrroto[2,1 -c)[1 t 4]benzodiazepin-5-one (69) 

55 (01951 A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CHgClj/C^CN (30 mL, 3: 1 ) was treated with 4 A powdered 
molecular sieves (0.2 g) and NMO (126 mg, 1 08 mmol). After 15 minutes stirring at room temperature, TPAP (12.6 
mg, 35 9 jimol) was added and stirring continued for a further 1 hour 20 minutes at which point TLC (80% EtOAc/ 
Petroleum Ether) revealed product formation along with some unoxidised starting material. The mixture was then treat- 
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ed with a further quantity of NMO ( 1 26 mg, 1 .08 mmoi) and TPAP (1 2.6 mg, 35.9 jimol), and allowed to stir for a further 
0.5 hours after which timeTLC revealed reaction completion. The mixture was evaporated in vacuo onto silica and 
subjected to flash chromatography (50% EtOAc/Petrofeum Ether) to provide the protected carbinolamine 69 as a white 
glass (153 mg, 48%); [a]^- +129.8 ° (c- 1.5, CHC! 3 ); 1 H NMR (270 MHz, CDCI 3 ) 5 7.48-7.27 (m, 5H arom ), 7.25 (s, 

5 1H aro J, 6.74 (brs, 1H arom ), 5.65-5.53 (m. 1H, NC0 2 CH 2 Ctf=CH 2 ) ? 5.56 (d, 1H, J= 9.89 Hz ; NCHCWOH), 5.22-5.04 
(m t 6H r NCH 2 C=CH 2 , NC0 2 CH 2 CH=CH 2 and PhCK,0) r 4.64-4.42 (m, 3H, NCO^H^CH-CHg and OH), 4.28 (d, 1H, 
J= 15.94 Hz, NCH 2 C=CH 2 j, 4.09 (d, 1H, J- 15.94 Hz, NCH^CH 2 ), 3.92 (s, 3H, OCH 3 ), 3.62 (t, 1H, J- 8.79 Hz, 
NCHCHOH), 2.90 (dd, 1H : J- 8.97, 16.03 Hz, NCH 2 C=CH 2 Ctf 2 ), 2.67 (d, 1H ( J- 16.03 Hz, NCH 2 C-CH 2 CH 2 ); 13 C 
NMR (67.8 MHz, CDCI 3 )5 166.8 (NC-O^), 156.0 (Na-O cart)amalc ) 1 150.1 (C quat ), 149.0 (C qual ), 141 8(C quai ), 136.1 

10 (CquJ. 1318 (NC0 2 CH 2 CH=CH 2 ) t 128.6, 128.1 and 127.3 (BnC-H arom ), 125.6 (C qual ), 118.0 (NC0 2 CH 2 CH-CH 2 ), 
114.6 (C-H arom ), 110.6 {C-H arom ) t 109.8 (NCH 2 C-CH 2 ), 85.8 (NCHCHOH) , 71 .0 (PhCH 2 0), 66.7(NC0 2 CH 2 CH=CH 2 ), 
59.8 (NCHCHOH), 56.2 (OCH 3 ) ; 50.7 (NCH 2 C=CH 2 ) r 35.0 (NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) 450 
(M + ', 24), 422 (1), 392 (1) : 364 (1), 348 (3) ; 340 (12), 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 
(3), 110 (3), 91 (PhCH 2 , 100), 82 (17), 65 (7); IR (NUJOL® ) 3600-2500 (br, OH), 2923,2854, 1711, 1619, 1601, 1513, 

15 1463, 1405, 1377, 1300, 1278, 1202, 1119, 1045, 993, 956, 909, 790, 768, 724, 697, 637 cm 1 ; exact mass calcd for 
C 25 H 26 N 2 0 6 m/e 450. 1 791 , obsd m/e 450. 1 790. 

(11aS)-8-Ben2yloxy-7-methoxy-2-methyU^ 
5-one (70, SJG-244) 

20 

[0196] A catalytic amount of tetrakis(triphenylphosphine)palladium (1 2.0 mg, 1 0.4 jimol) was added to a stirred so- 
lution of the Alloc-protected carbinolamine 69 (0.1 8 g, 0.40 mmol), triphenylphosphine (5.25 mg, 20 ^mol) and pyrro- 
lidine (29 mg, 0.41 mmol) in CH 2 CJ 2 (15 mL). After 2 hours stirring at room temperature under a nitrogen atmosphere, 
TIC (98% CHCI 3 /MeOH) revealed the complete consumption of starting material. The solvent was evaporated in vacuo 

25 and the crude residue was purified by Hash chromatography (60% EtOAc/Petroleum Ether) to afford 70 (SJG-244) as 
a white glass (1 1 6 mg, 83%) which was repeatedly evaporated in vacuowith CHCI 3 in an attemptto provide the N10-C11 
imine form: [a] 22 D = +754.2 0 (c =» 0.54, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (mainly imine, plus trace of carbinolamine 
form) 5 7.70-7.30 (m, 7H, HC-N and 6H orom ), 6.84 (s, 1H W0 J, 5.25-5.13 (m, 4H, NCH 2 C-CH 2 and PhCH 2 0), 4.42 
(br s, 2H, NCH 2 C=CH 2 ), 3.95 (s, 3H, OCH 3 ), 3.88-3.66 (m, 1H, NCHHC=U) t 3.09 (dd, 1H, J= 8.98, 16.12 Hz, 

30 NCHoC-CH.CH 2 ), 2.94-2.87 (m, 1H. NCH 2 C=CH 2 CH 2 ); 13 CNMR (67.8 MHz, CDCi 3 )5 164.7 (NC=0), 162.6 (HC-N), 
150.6 (C qoat ), 148.1 (C qual ). 141.6 (C quat >, 140.5 (C quat ), 136.1 (C quat ) f 132.0, 128.7, 128.6, 128.1 and 127.3 (BnO 
H arom ), 1 20. 1 (C quat ) .1115 (C-H arom ), 1 11 .2 ( OH arom ), 1 09.4 (NCH 2 C=CH 2 ), 70.8 (PhCH 2 0), 56.2 (OCH 3 ), 53.7 (N CH- 
HC=N), 51 .3 (NCH 2 C-CH 2 ), 35.4 (NCH 2 C-CH 2 CH 2 ). MS (El), m/z (relative intensity) (imine form) 348 (M 4 ", 1 00), 333 
(M-CH 3 , 42), 319 (3), 269 (5), 257 (M-PhCH 2 . 25), 241 (11), 229 (56), 227 (11), 213 (5), 186 (4), 156 (6), 136 (22) : 122 

35 (4), 91 (PhCH 2 , 85), 82 (5), 65 (22); IR (NUJOL® ) 331 8 (br, OH of carbinolamine form), 2923, 2853, 1722, 1668.. 1600, 
1 557. 1 504, 1 462, 1 377, 1 26 1 , 1 21 6, 1 1 20, 1 003, 892, 789, 722, 695, 623, 542 crrr 1 ; exact mass calcd for C 21 H 20 N 2 O 3 
m/e 348.1474, obsd m/e 348.1469. 

Example 2(c) : Synthesis of MMY-SJG (74, UP2064) (see Figure 9) 

40 

[0197] 



(2S) ^[^-AllyloxycarbonytaminoM^-dimcthoxy 
4-methylidinepyrrolidtne (71) 

[01 98] Potassium ferl-butoxide (21 .2 mL of a 0.5 M solution in THF, 10.6 mmot) was added dropwise to a suspension 
of methyllriphenylphosphonium bromide (3.78 g, 10.6 mmol) in THF (11 mL) al 0°C (ice/acetone) under nitrogen. After 
stirring for 2 hours at 0°C, a solution of the ketone 38 (Example 1(e)) (2.0 g, 4.07 mmol) in THF (7 mL) was added 
dropwise and the mixture allowed to warm to room temperature. After stirring for a further 45 minutes the reaction 
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mixture was diluted with EtOAc (60 mL) and water (60 mL). The organic layer was separated, washed with brine, dried 
(MgSOJ, filtered and evaporated in vacuo to give a dark oil. Purification by flash chror itography (20% EtOAc/Petro- 
leum Ether) isolated the pure olefin 71 as a transparent oil (1.71 g, 86%): [aj 22 0 = -44 :r3 ° (c = 0.20, CHCI 3 ); 1 H NMR 
(270MHz,CDCI 3 ) (Rotamers)6 8.85(brs. 1H), 7.86 (s, 1H) f 6.82 (s, 1H), 6.03-5.89 (m. 1 H), 5.35 (ddd, 1H. J = 17.22, 

5 3.11, 1.47 Hz), 5.24 (ddd, 1H, J= 10.44, 2.75, 1.28 Hz), 4.99-4.92 (m s 2H), 4.70-4.57 (m : 3H) : 4.23-3.57 (m, 10H), 
2.72-2.68 (m, 2H), 0.96-0.85 (m, 9H), 0.09-0.03 (m, 6H); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 168.7, 153.6, 
150.9, 143.6, 132.5, 132.2, 118.1, 115.3, 110.6, 107.1, 104.3, 65.7, 63.6, 56.3.56.0, 33.1,25.8, 18.1,-5.5 and - 5.6; 
MS (El), m/z (relative intensity) 492 (M+' + 2, 7), 491 {W + 1 , 20), 490 (M 4 \ 50), 475 (4), 435 (10), 447 (3), 434 (29), 
433 (94), 376 (4), 375 (13), 348 (5), 333 (11), 332 (6), 294 (3), 265 (16), 264 (100), 227 (8), 226 (24), 224 (5), 223 (18), 

10 220 (15), 210 (4). 208 (5), 207 (13), 206 (96), 192 (7), 180 (18), 179 (25), 170 (21), 169 (8), 168 (28), 164 (13). 152 
(7), 150 (13), 136 (10), 108 (5), 96 (5), 95 (12), 94 (7), 89 (8), 82 (25), 75 (20), 73 (30), 59 (7), 58 (5), 57 (41), 56 (7), 
55 (4); IR (NEAT) 3324 (br, NH), 3082, 2953, 2930, 2857, 1732, 1600, 1523, 1490, 1464 : 1419, 1397, 1360, 1333, 
1287, 1259, 1228, 1203, 1172, 1115, 1039, 1004, 939. 837, 814, 777 666 cnr*. 

*5 (2S)-/^[(2-Atlyloxycarbonylamino)-45-d»m^ 

[01 99] A solution of TBAF (4.29 mL of a 1 M solution in THF, 4.29 mmol) was added to the siiyl-ether 71 (1 .68 g, 3.43 
mmol) in THF (45 mL) at 0*C (Ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
1 hour TLC (50% ElOAc/Pel -Ether 40°- 60 c ) revealed the complete disappearance of starting material. Saturated 

20 NH 4 CI (1 1 0 mL) was added and the reaction mixtuie extracted with EtOAc (3 X 50 mL), washed with brine (100 mL), 
dried (MgS0 4 ), tittered and evaporated in vacuoio give a dark orange oil. Purification by flash chromatography (99% 
CHCIg/MeOH) provided the pure alcohol 72 as a white solid (1 .1 5 g, 89%): [a] 21 D = -1 3.1 7 ° (c- 0.15, CHCI 3 ); 'H NMR 
(270 MHz, CDCI 3 ) 5 8.59 (brs, 1H), 7.69 (s, 1H),6.82 (s, 1H), 6.03-5.89 (m, 1H), 5.35 (ddd, 1H, J= 17.22,3.11, 1.65 
Hz), 5.24 (ddd, 1H, J= 10.44 : 2.75, 1 .28 Hz), 5.02-4.94 (m, 2H), 4.66-4.62 (m, 3H), 4.23-3.57 (m, 11H), 2.77 (dd, 1H, 

25 J = 15.94, 8.42 Hz), 2.48 (d, 1 H, J= 15.94 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) h 170.3, 153.8, 151.0. 144.2, 143.1, 1 32.5, 
131.2, 118.1, 115.9, 110.4, 108.1, 104.9 : 65.8, 65.1. 59.8, 56.4, 56.0,54.2,34.1; MS (El), m/z (relative intensity) 378 
(M+- + 2, 3), 377 (M+- + 1, 14).. 376 (M+-, 51), 319 (3), 265 (10), 264 (62), 263 (4), 259 (8), 224 (4), 223 (18).. 220 (17), 
208 (5). 207 (14), 206 (100), 192 (8), 190 (5), 180 (27), 179 (29), 178 (4), 164 (23) : 163 (4), 152 (12). 151 (6), 150 
(19), 137 (5), 136 (22), 135 (6), 125 (6), 120 (6), 113 (6), 112 (31), 109 (6), 108 (11), 95 (4), 94 (9), 82 (28), 80 (8).. 67 

30 (5), 57 (5), 54 (7), 53 (7); IR (NUJOL® ) 3341 and 3245 (br, OH and NH), 3115, 2918. 2850. 1727, 1616, 1540, 1464, 
1399, 1378, 1351, 1283, 1264, 1205, 1179, 1117, 1055, 1040, 996 : 946 ; 909, 894, 855, 823, 768, 754, 722, 696, 623 : 
602cm* 1 ; exact mass calcd for C 19 H 24 N 2 0 6 m/e 376,1634, obsd m/e 376.1614. 

(1 1 S,1 1 aSHQ-Allyloxycarbonyl-7.8-dimethoxy-1 1-hydroxy-2-methylidene-1 ,2,3,10,1 1 ,11a-hexahydro-5H- 
35 pyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (73) 

[0200] A solution of DMSO (0.75 mL, 0.82 g, 10.5 mmol) in CH 2 CI 2 (27 mL) was added dropwise over 38 minutes 
to a solution of oxalyl chloride (2.64 mL of a 2.0 M solution in CH 2 Ct 2 , 5.27 mmol) at -45*0 (liq.N^CMorobenzene) 
under a nitrogen atmosphere. 

40 After stirring at -45°C for 1 h, a solution of the alcohol 72 (1 .1 0 g, 2.93 mmol) in CH 2 CI 2 (27 mL) was added dropwise 
over 1 hour at -45 C C. After 1 hour at -45°C, the mixture was treated dropwise with a solution of TEA (1.71 mL, 1 .24 g, 
12.29 mmol) in CH 2 Ct 2 (15 mL) over4C minutes at -45°C. After a further30 minutes, the reaction mixture was allowed 
to warm to room temperature and was diluted with CHjC^ (50 mL), washed with IN HCI (50 mL), H 2 0 (50 mL), brine 
(50 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum Ether) of the crude material 

^5 revealed reaction completion. Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the pro- 
tected carbinolamine 73 as a white glass (0.45 g, 41%): [ap D = +236.51 * (c = 0.14, CHCI3); 1 H NMR (270 MHz. 
CDCI3) 5 7.23 (s, 1 H). 6.69 (s, 1 H), 5.83-5.81 (m, 1 H), 5.60-5.58 (m, 1 H), 5.34-5.23 (m, 4H), 4.74-4.66 (m, 1 H), 4.50-4.40 
(m, 1H),4.30 (d, 1H, J- 15.94 Hz), 4.15 (d, 1H, J= 15.93 Hz), 3.96-3.86 (m,7H),3.65 (I, 1H. J= 8.61 Hz). 2.92 (dd, 
111, 16.21. 9.07 Hz). 2.70 (d, 1H, J= 15.94 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 166.7, 156.0, 150.8, 148.4, 141.8, 

so 131 .7, 128.5, 125.2, 118.1 ,112.4, 110.3. 109.8, 85.9, 66.8, 59.6, 56.3, 56.1 , 50.7, 35.0; MS (El), m/z (relative intensity) 
376 (M + - + 2, 6), 375 (M-+ 1, 22), 374 (M + *, 100), 346 (5), 293 (8), 288 (10) : 271 (5), 265 (11). 264 (67), 248 (5).. 237 
(5), 223 (10), 220 (9), 209 (6), 208 (42), 207 (14), 206 (70), 192 (7), 190 (5), 180 (17), 179 (16), 165 (8), 164 (15). 153 
(5), 152 (10), 150 (12), 149 (7), 137 (6), 136 (10), 135 (5), 125 (8), 110 (8), 108 (5), 94 (5), 83 (5), 82 (59), 80 (7). ; IR 
(CHC! 3 )3275 (br, OH), 3075, 2936, 2851, 1706, 1624, 1604, 1516. 1457, 1436, 1403, 1368, 1312, 1301 , 1278, 1262, 

55 1218, 1119, 1074, 1045, 940, 916, 893, 867, 851, 666 , 637 cm^; exact mass calcd for C 19 H 22 N 2 0 6 m/e 374.1478, 
obsd m/e 374.1 687. 
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(1 1 aS)-7,8-Dimethoxy-2-methy lidene-1 ,2,3,1 1 a-tetrahydro-5J*pyrrolo[2,1 -c][1 ,41 benzodiazepin-5-one (74, 
UP2064, MMY-SJG) 

[0201] A catalytic amount of tetrakis(triphenylphosphine)palladium (32.4 mg, 28.1 ^imol) was added to a stirred so- 
5 lution of the Alloc-protected carbinolamine 73 (0.42 g, 1 .12 mmol), triphenylphosphine (14.7 mg, 56.2 [imo\) and pyr- 
rolidine (83.9 mg, 1.18 mmol) in CH 2 Ct 2 (55 ml). After 2.5 hours stirring at room temperature under a nitrogen atmos- 
phere, TLC (95% CHCI^MeOH) revealed the complete consumption of starling material The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (CHCI 3 ) to afford the novel PBD (74, MMY-SJG, 
UP2064) as a yellow oil which was repeatedly evaporated in vacuo with CHCI 3 in order to provide the N10-C11 tmine 
10 form (259 mg, 85%): [otp D = +583.14 ° (c= 1 .42, CHCI 3 ); 'H NMR (270 MHz, CDCI 3 ) 5 7.69 (d, 1H, J= 4.39 Hz), 7.51 
(s, 1 H), 6.82 (s, 1 H), 5.21 -5.1 7 (m ? ..:H>. 4.44-4.23 (m, 2H), 3.96-3.81 (m ( 7H), 3.1 7-3.08 (m, 1 H), 2.95 (d, 1 H, J= 14,29 
Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 164.7, 162.6, 151.5, 147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1, 
53.8, 51.4, 35.5; MS (El), m/z (relative intensily) 273 (M+- + 1,16), 272 (M + ", 100) : 271 (35), 270 (9), 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6), 226 (5), 212 (3), 192 (4), 191 (16), 165 (4), 164 (19), 1 63 (4) : 136 (22), 93 (6), 82 (7), 80 (3), 
'5 53 (3); IR (NEAT) 3312 (br), 3083.. 2936, 2843, 1624. 1603, 1505, 1434, 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895 : 837, 786, 696, 666, 594, 542 cm* 1 ; exact mass calcd for C 15 H1 6 N 2 0 3 m/e 272.1161, obsd m/e 
272.1154. 

Example 2(d) : Synthesis ot the PBD Dimer SJG-136 (UP2001)(see Figure 10) 
[0202] 



25 




30 

(2SH f 1'-[[(Propane-1,3-diyl)d!oxy)b^ 
butyldimethylsilyloxymethylH-methylrdenepyrrolidine) (75) 

[0203] A catalytic amount of DMF (2 drops) was added to a solution of the dimer acid 44 (0.66 g, 1 .42 mmol) and 

35 oxalyl chloride (0.31 mt_, 0.45 g, 3.55 mmol) in THF (12 mL). The reaction mixture was stirred for 16 hours under 
nitrogen, concentrated in vacuo, and redissolved in THF (10 mL). The resulting solution of b/s-acid chloride was added 
dropwise to the amine 58 (0.65 g, 2.86 mmot), H 2 0 (0.84 mL) and TEA (0.83 mL, 0.60 g, 5.93 mmol) in THF (2 mL) 
at 0°C (ice/acetone) under nitrogen. The reaction mixture was allowed to warm to room temperature and stirred for a 
further 2 hours at which time TLC (EtOAc) revealed reaction completion. After removal of the THF by evaporation in 

40 vacuo, the residue was partitioned between H 2 0 (100 mL) and EtOAc (100 mL). The aqueous layer was washed with 
EtOAc (3 X 50 mL), and the combined organic layers washed with saturated NH 4 CI (100 mL), brine (100 mL), dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the crude product as a dark orange oil. Purification by flash chro- 
matography (50% EtOAc/Petroleum Ether) afforded the pure amide 75 as a pale yellow glass (0.93 g, 74%); [ct] 21 D = 
-51.1 u (c= 0.08, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.77 and 7.74 (s x 2, 2H aro J, 6.81 and 6.76 (s x 

45 2, 2H arom ), 5.09-4.83 (m. 4H, NCH 2 C-CH 2 ), 4.60 (m ; 2H, NCHCH 2 OTBDMS), 4.35-4.31 (m, 4H, OCHpCHgCH^Q), 
4.08-3.74 (m, 14H, NCHCH 2 OTBDMS, NCH 2 C-CH 2 and OCH 3 ), 2.72-2.45 (m, 6H, NCH 2 C=CH 2 CH 2 and 
OCH 2 CH 2 CH 2 0), 0.91 and 0.79 (s x 2, 18H, SiC(CW 3 ) 3 ), 0.09, -0.09, and -0.12 (s x 3, 12H, Si(CH 3 ) 2 ) ; 13 C NMR (67.8 
MHz, CDCI 3 ) (Rotamers) 6 166.2 (NCO). 154.7 and 154.5 (C quat ), 148.4 and 148.2 (C^,), 144.1 and 143.2 (C qual ), 
137.2 (C qua i), 128.2 and 127.4 <C quat ), 110.1 and 108.6 (C-H arom ), 109.1 and 108.3 (OH arom ), 107.5 (NCH 2 OCH 2 ), 

50 65.7 and 65.5 (OCH 2 CH 2 CH 2 0), 63.9 and 62.6 (NCHCH 2 OTBDMS) ; 60.2 (NCHCH 2 OTBDMS), 58. 1 and 56.6 (OCH 3 ), 
52.8 and 50.5 (NCH 2 C=CH 2 ), 35.0 and 33.9 (NCH 2 C=CH 2 CH 2 ), 30.8 and 28.6 (OCH 2 CH 2 CH 2 0), 25.8 and 25.7 (SiC 
(Oy 3 ). 18.2 (SiC(CH 3 ) 3 ), -5.5 and -5.6 (Si( CH 3 ) 2 ); MS (El), mte (relative intensity) 885 (M*- f 7), 828 (M-'Bu, 100), 
740 (M-CH 2 OTBDMS, 20), 603 (3), 479 (26), 391 (27), 385 (25), 301 (7), 365 (10), 310 (14), 226 (8), 222 (13), 170 
(21), 168 (61), 82 (39), 75 (92); IR (NUJOL<3> ) 2923, 2853.. 2360. 1647, 1587, 1523 (N0 2 ), 1461, 1429, 1371, 1336 

55 (N0 2 ), 1277, 1217. 1114, 1061. 1021, 891.. 836 772, 739cnY'. 
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(2S)-1 ,1'-[[(Propane-1 ,3-diyl)dioxy]bis[{2-nitro-5-methoxy-1 ,4-phenylene)carbonyl}]bis[2-(hydroxymethy»)- 
4-methylidenepyrrolldine] (76) 

[0204] A solution of TBAF (3.98 mL of a 1M solution in THR 3.98 mmot) was added to the b/s-silyl ether 75 (1.41 g, 
s 1 .59 mmol) in THF (35 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and 
after a further 30 minutes saturated NH 4 Ct (120 mL) was added. The aqueous solution was extracted with ElOAc (3 
X 80 mL) ; washed with brine (80 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark orange oil which 
was purified by flash chromatography (97% CHCl 3 /MeOH) to provide (he pure diol 76 as a light orange solid (0.98 g, 
94%): \a}™ 0 = -31 .9 ° (c - 0.09 f CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.75 and 7.71 (s x 2, 2H aro J. 6.96 
w and 6.84 (s x 2, 2H arom ), 5.08, 5.02 and 4.88 (br sx3 : 4H, NCH 2 C»CH 2 ) t 4.61-4.50 (m, 2H, NCHCH 2 OH), 4.35-4.33 
(m, 4H : OCH 2 CH 2 CH 2 0) f 4.02-3.65 (m, 14H, NCHCH 2 OH, NCH 2 C-CH 2 and OCH3), 2.88-2.43 (m, 6H, 
NCH 2 C-CH 2 CK, and 0CH 2 CH 2 CH 2 0); 13 C NMR (67.8 MHz, CDCl 3 ) (Rotamers) 5 167.9 and 166.9 (NC=0), 154.9 
and 154.3 (C quat ), 148.4 and 148.2 (C qua1 ), 143.3 and 142.6 (C qual ). 137.2 and 137.0 (C qual ), 127.6 and 127.3 (C qual ), 
109.1 (C-H afon ,), 1 08.4 (NCH 2 C=CH 2 ). 1 08.2 (C-H a(om ), 65.6 and 65 4 (OCH 2 CH 2 CH 2 0) f 64.5 and 63.3 (NCHCH 2 OH), 
'5 60.5 and 60.0 (NCHCH 2 OH) ( 56.8 and 56.7 (OCH 3 ), 52.9 (NCH 2 C=CH 2 ), 35.0 and 34.3 (NCH 2 C=CH 2 CH 2 ), 29.6 and 
28.6 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 657 (M+- + 1, 10), 639 (M-OH, 2), 612 (1), 544 
(M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 4), 539 (1), 449 (16), 433(9), 404 (8), 236 (32), 166 (65), 151 (81), 112 (82), 82 (100); 
IR (NUJOL©) 3600-3200 (br, OH), 2923, 2853, 2360, 1618, 1582, 1522 (N0 2 ), 1459, 1408, 1375, 1335 (N0 2 ), 1278, 
1218, 1061, 908,810, 757 cm- 1 . 

20 

(2SH ,1'-[I(Propane-1 >3-dhyl)dioxy]bis^ 
4-methylidencpyrrolidine] (77) 

[0205] A mixture of the diol 76 (0.98 g, 1 .49 mmol) and SnCI 2 .2H 2 0 (3.36 g, 1 4 9 mmot) in MeOH (35 mL) was heated 
25 at reflux and the progress of the reaction monitored by TLC (90% CHCiyMeOH). After 45 minutes, the MeOH was 
evaporated in vacuo and the resulting residue was cooled (ice), and treated carefully with saturated NaHC0 3 (120 
mL). The mixture was diluted with EtOAc (120 mL), and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through celite. The organic layer was separated, washed with brine (100 mL), 
dried (MgS0 4 ), filtered and evaporated in vacuo to give a brown solid. Flash chromatography (95% CHCI 3 /MeOH) 
30 afforded the pure fc/s-amine 77 as an orange solid (0.54 g, 61%): [o.J 19 D ^ -31 .8 0 (c= 0.30, CHCI 3 ); 1 H NMR (270 MHz, 
CDCI 3 ) 5 6.74 (s, 2H arom ), 6.32 (s, 2H arorn ). 5.00 (br s r 2H. NCH^CH^), 4.93 (br s, 2H NCH 2 C=CH 2 ), 4.54 (br s, 2H, 
NCHCH 2 OH), 4.24-4.14 (m, 4H> OCHfiH 2 CHfi), 3.98-3.50 (m, 14H, NCHCHjOH. NCH^C-CH;, and OCH 3 ) t 2.76 
(dd, 2H, J = 8.61, 15.91 Hz, NCH 2 C-CH 2 CH 2 ), 2.46-2.41 (m, 2H, NCH 2 C=CH 2 CH 2 ), 2.33-2.28 (m, 2H, 
OCH 2 CHoCH 2 0); 13 C NMR (67.B MHz, CDCI 3 ) 5 171.0 (NC=0), 151.0 (C qual ), 143.5 (C qunl ), 141.3 (C^,), 140.6 
35 (^uat). 112.4 (C-H arom ), 111.9 (C^,), 107.8 (NCH 2 C-CH 2 ), 102.4 (C-H arom ), 65.2 (OCH 2 CH 2 CH 2 0), 65.0 
(NCHCH 2 OH). 59.8 (NCHCH 2 OH), 57.1 (OCH 3 ), 53.3 (NCH 2 C-CH 2 ), 34.4 (NCH 2 C=CH 2 CH 2 ), 29.0 (OCH 2 CH 2 CH 2 0); 
MS (FAB) (Relative Intensity) 596 (M'\ 13), 484 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 14), 389 (10) : 371 (29), 345 (5), 224 
(8), 206 (44), 166 (100), 149 (24), 112 (39). 96 (34), 81 (28); IR (NUJOL© ) 3600-3000 (br, OH). 3349 (NH 2 ), 2922, 
2852,2363, 1615, 1591 (NH 2 ), 1514, 1464, 1401, 1359, 1263, 1216, 1187, 1169, 1114, 1043, 891 , 832, 761 cm 1 . 

40 

(2S,4tt)&(2S,4S)-1 ,1 '-[[(Propane-1 ,3-diyl)dioxy]bis[(2-amino-5-methoxy-1 ,4-phenylene)carbonyt]]bis 
[2-(hydroxymethyl)-4-methyl pyrrolidine] (77). 

[0206] A solution of hydrazine (23 mg, 23 uL, 0.72 mmol) in MeOH (5 mL) was added dropwise to a solution of the 
«5 diol 76 (95 mg, 0.145 mmot) and Raney Ni (20 mg) in MeOH (15 mL) heated at reflux. Alter 1 hour at reflux TLC (90% 
CHCLj/MeOH) revealed some amine formation. The reaction mixture was treated with further Raney Ni (20 mg) and 
hydrazine (23 mg ; 23 uL, 0.72 mmol) in MeOH (5 mL) and was healed at reflux for an additional 30 minutes at which 
point TLC revealed complete reaction. The reaction mixture was then treated with enough Raney Ni to decompose 
any remaining hydrazine and heated at reflux for a further 1 .5 hours. Following cooling to room temperature the mixture 
so was filtered through a sinter and the resulting filtrate evaporated in vacuo. The resulting residue was then treated with 
CH 2 CI 2 (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to provide the bis-amine (77) as a yellow oil (54 mg, 
63%): 1 H NMR (270 MHz, CDCI3) (diastereoisomcrs) 5 6.73 (s, 2H arom ), 6.32 (s, 2H arom ), 4.60-4.30 (m, 2H, 
NCHCH 2 OH), 4.19 (t, 4H, J = 5.87 Hz, OCH 2 CH 2 CH 2 0) 3.78-3.50 (m, 14H, NCHCK,OH. NCH 2 CHCH 3 and OCH 3 ), 
2.40-1 .55 (m, 8H, NCH 2 CHCH 3> OCH 2 CK>CH 2 0 and NCH 2 CHCH 3 CH 2 ), 1.00-0.95 (m : 6H, NCHgCHCH-); MS (El), 
55 m/z (relative intensity) 600 (M+-, 16), 459 (46), 345 (16), 206 (13), 186(17), 180(31), 166(37), 149(6), 142(76), 100 
(6), 98 (13), 97 (29), 84 (81). 69 (7). 55 (100) 
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(2S)-1,1 , -[[(Propane-1,3-diyl)dioxy]bis[(2-allyloxycarbonylamino-5-methoxy-1,4-phenylene)carbonyl]lbis 
[2-(hydroxymethyl)-4-methylidenepyrrotidine] (78) 

[0207] Pyridine (0.47 ml_, 0.46 g, 5.82 mmol) was added to a stirred solution of the bis-amine 77 (0.857 g, 1 .44 mmol) 
in CH 2 CI 2 (30 mL) at 0°C (ice/acetone). The cool mixture was then treated dropwise with a solution of allyl chlorotormate 
(0 33 mL 0 38 g 3.15 mmol) in CH„CI 2 (10 mL). Alter 2.5 hours stirring at room temperature, the mixture was diluted 
with CH,CI, (60 mL), washed with IN HCI (2 X 50 mL), H 2 0 (80 mL), brine (80 mL), dried (MgSOa), filtered and evap- 
orated in vacuo The crude residue was purified by flash chromatography (70-100% EtOAc/Petroleum Ether) to aftord 
the allyl cartamate compound 78 as a slightly orange glass (0.548 g. 50%): iH NMR (270 MHz, CDCI 3 ) S 8.58 (br s, 
2H NH) 7.56 (s. 2H alom ), 6.78 (s, 2H at0 J, 6.03-5.88 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 5.39-5.21 (m, 4H. 
NCO,CH,CH=CH 2 ), 5 00 (br s, 2H, NCH 2 C=^ ^ 

4 30-4 25 (m 4H OCH 2 CH 2 CHoO), 4.1 7-3.90 (m, 8H, NCHCW.OH and NCH 2 C=CH 2 ), 3.81-3.54 (m, 8H, NCHCH 2 OH 
and OCHJ. 2.76 (dd, 2H, J - 8^52, 15.85 Hz, NCH 2 C=CH 2 CH 2 ), 2.49-2.44 (m, 2H, NCH 2 C=CH 2 CH 2 ). 2.36-2.28 (m, 
2H OCH 2 CH,CH 2 0); ,3 C NMR (67 8 MHz, CDCI 3 ) 5 170.3 (NC=O amidc ), 153.8 (NC=O cart)limale ), 150.5 (C quat ), 144.8 
(C oual ). 143.lV qual ). 132.5 (NC0 2 CH 2 CH-=CH 2 ), 130.7 (C^,). "B.1 (NC0 2 CH 2 CH--=CH 2 ), 1 1 6-8 (C a rf. 110.5 •(< 5- 
h'j 108.1 (NCH C=CH 2 ), 106.9 (C-H arom ), 65.7 (NC0 2 C^ 2 CH=CH 2 ), 65.4 (OCH 2 CH 2 OH 2 0). 65.1 (NCHCHOH), 
59 8 (NCHCH 2 OH), 56.5 (OCH 3 ), 53.9 (NCH 2 C=CH 2 ), 34.2 (NCH 2 CCH 2 CH 2 ). 29.7 and 29.2 (OCH 2 CH 2 CH 2 0). MS 
(FAB) (Relative Intensity) 765 <M- v 1, 10), 652 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 32), 594 (4), 539 (2), 481 (51), 441 
(31), 290 (3), 249 (13), 232 (38), 192 (83), 166 (49), 149 (32), 114 (100). 

1 ,r-[[(Propane-1 ,3-diyl)dioxy]bis[<11 S,11aS) -i0-(allyloxycarbonyl)-11-hydroxy-7-methoxy-2-methylidene- 
1 ^2,3,10,1 1 ,1 1a-hexahydro-5H-pyrrolo[2,1-c][1 ,4]benzodiazepin-5-onel (79) 

[0208] A solution of the b/s-alloc compound 78 (150 mg, 0.1 96 mmol) in CH^/CH^N (12 mL. 3:1) was treated 
with 4 A powdered molecular sieves (0.2 g) and NMO (70 mg, 0.598 mmol). After 1 5 minutes stirnng at room temper- 
ature TPAP (7 mg 1 9.9 pmol) was added and stirring continued for a further 2 hours at which time TLC (95 /■> CHCiy 
MeOH) indicated formation, of the fully cyclised product along with the presumed semi-cyclised product 79, and unre- 
acted starting material 78 present in the reaction mixture The mixture was then treated with a further quantity of NMO 
(35 mg 0 299 mmol) and TPAP (3.5 mg. 9 96 ,imol), and allowed to stir for a further 0.5 hours when TLC revealed 
reaction completion . The solvent was evaporated in vacuoand the black residue was subjected to flash chromatography 
(98% CHCI,/MeOH) to provide the pure protected carbinolamine 79 as a white solid (47 mg. 32%): 'H NMR (270 MHz. 
CDCI 3 ) 5 7.23 (s, 2H arom ). 6.74 (s. 2H arom ), 5.90-5.65 (m, 2H, NC0 2 CH 2 CH=CH 2 ). 5.57 (d 2H. J > = ^24 H* NCH- 
CHOH), 5 26-5.07 (m. 8H, NCH 2 C=CH 2 and NC0 2 CH 2 CH=CH 2 ), 4.67-4.10 (m. 14H NC0 2 C "^=^2. 
NCHp=CH 2 , OCH i CH 2 CH 2 0 and OH), 3.89 (s, 6H, OCH 3 ), 3.63 (m. 2H. NCHCHOH)^91 2H. J- J7MS76 
Hz, NCH 2 CCH 2 CH 2 ), 2.68 (d. 2H. J - 16.10 Hz, NCH 2 C-CH 2 CH 2 ) : 2.42-2*1 m *;W^ r^ 
(67.8 MHz, CDCI 3 ) 5 1 66.7 (NC=O amtdc ). 150.1 (C^,), 149.0 (C qual ), 141 .7 (C at ) 131 

(C auat ), 128.9 (C oual ). 1 28.8 (C Quat ), 11 8 3 (NC0 2 CH 2 CH^CH 2 ), 114.7 (C-H arom ), 1 1 0.7 (C-H arom ), 109.8 (NCH^C=CH 2 ) 
85 9 (NCHCHOH) 66.9 (NCO CH 2 CH=CH 2 ). 66.0 (OCH 2 CH 2 CH 2 0), 59.7 (NCHCHOH), 56.1 (0» 507 
(NCH 2 C=CH 2 ). 35.0 <NCH 2 C=--CH 2 CH 2 ), 29.7 and 29.1 (0CH 2 CH 2 CH 2 0), MS (FAB) (Relative i Into nsrty) 43 (M- - 17, 
6) 725 (17) 632 (13), 574 (8), U (13), 490 (10), 481 (9), 441 (7), 425 (6). 257 (12), 232 (20), 192 (46) .166 £2), 
149 (100). 91 (59); IR (NUJOL® ) 3234 (br, OH), 2923, 2853, 2361, 1707, 1604, 1515. 1464, 1410, 1377, 1302, 1267, 
1205, 1163, 1120. 1045, 999. 955, 768, 722 cm- 1 . 

l.l'-IKPropBne-l^-diyOdloxyJbistdlaSJ-^methoxy^-methylidene-I^.S.Ha-tetrahydro-SH-pyirolop.l-cllI^] 
benzodiazepin-5-one] (80, SJG-136) 

[0209] A catalylic amount of | e !rakis(triphenylphospt.ine)palladium ( 1 1 mg, 9.52 umol) was added to a stirred sol u lion 
of (ho ta-alloc-carbinolamine 79 (139 mg, 0.183 mmol), triphenylphosphine (4.8 mg, 18.3 umol) and pyrrolid.ne (27 
mg, 0.380 mmol) in CH^CHaCN (13 mL, 10:3) at 0"C (ice/acetone) under a nitrogen atmosphere The reaction 
mixture was allowed to warm to room temperature and the progress monitored by TLC (95% CHCIj/MeOH). Artery 
hours 15 minutes TLC revealed the reaction was complete, proceeding vie the presumed half-im.ne product 261 to 
give a TLC spot which fluoresced brightly under UV. The solvent was evaporated in vacuo and the resulting res.due 
subjected to flash chromatography (98% CHCI 3 /MeOH) to give the bfe-imine target molecule 80 (SJG-136) as a pale 
orange glass (78 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 to provide the .mine form, [a] 0 = 
4357 7 • (c = 0 07. CHCL); Reverse Phase HPLC (C 4 stationary phase, 65% MeOH/H 2 0 mobile phase, 254 nm) 
Retention time = 6.27 minutes, % Peak area = 97.5%; <H NMR (270 MHz, CDCI 3 ) (imine fom>) 5 7.68 (d, 2H J = 4.4 
Hz, HC=N), 7.49 (a, 2H arom ). 6.85 (s. 2H arom ), 5.20 (s. 2H. NCH 2 C=CH 2 ), 5.17 (s 2H, NCH 2 C=CH 2 ). 4.46-4 1 (m, 
4H. OCH 2 CH 2 CH 2 0). 3.92 (s, 6H. OCH 3 ). 3.89-3.68 (m. 6H. NCH 2 C=CH 2 and NCHHC=N). 3.12 (dd. 2H. J - 8.61 , 
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16.21 H7, NCH 2 C=CH 2 CH>), 2.68 (d, 2H, 16.30 H?, NCH 2 C=CH 2 CK>), 2.45-2.38 (m, 2H, OCH 2 C^CH 2 0); 13 C 
NMR (67.8 MHz, CDCl 3 ) (imineform) 5 1 64.7 (NC=0). 162.6 (HON), 150.7(0^), H7.9 (C qual ), 141 .5(C quat ). 140.6 
(C quat ), 119.8 (C quat ), 111.5 (OHJ, 110.7 (C-H arom ), 109.4 (NCH 2 CCH 2 ) : 65.4 (OCH 2 CH 2 CH 2 0).. 56.1 (OCH a ). 
53.8 (NCHHC-N), 51.4 (NCH 2 C-CH 2 ), 35.4 (NCH 2 C=CH 2 CH 2 ). 28.8 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 
(imine form) 773 (M*- + 1 + (Thioglycerol adduct X 2), 3), 665 (M+- + 1 + Thioglycerol adducL 7), 557 <M + - + 1 , 9) : 464 
(3), 279 (12), 257 (5), 201 (5) : 185 (43) s 166 (6), 149 (12), 93 (100); IR (NUJOL© ) 3600-3100 (br, OH of carbinolamine 
form), 2923, 2849, 1599. 1511, 1458. 1435, 1391, 1277, 1228, 1054, 1011, 870, 804, 761, 739 cm" 1 . 

Alternative Synthesis of UP2001, SJG-136 (80) (see Figure 11) 

[0210] UP2001 was also prepared by an alternative synthesis based the bis -ketone 52 (see Example 11(f)). 

1 t i '-[[(Propane-1 ,3-diyl)dioxy]bis[2-amino-N-allyloxycarbonyl-5-methoxy-1 ,4-phenylene)carbonyl]]-bis[(2S)- 
2-f-butyldimethylsitytoxymethyl-4-methylidene-2,3-dihydropyrrole] (206) 

15 

[0211] A solution ol potassium-/-butoxide in dry THF (0.5 M, 4.00 mL, 2.00 mmol) was added to as suspension of 
methyltriphenylphosphonlum bromide (0.716 g, 2.00 mmol) in dry THF (2.00 mL). The resulting yellowylide suspension 
was allowed to stir at 0 V C for 2 hours before the addition of a solution of the bis-ketone 52 (0.50 g, 0.50 mmol) in THF 
(10 mL) al 10*C. The reaction mixture was allowed to warm to room temperature and stirring was continued for a 
20 further hour. 

The reaction mixture was partitioned between ethyl acetate (15 mL) and water (15 mL) and the organic layer was 
washed the sat. sodium chloride (20 mL) and dried over magnesium sulphate. Removal of excess solvent gave a brown 
oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60* petroleum ether) to afford the 
product as a yellow glass 206 (250 mg, 51%). [ap+ D = -32 - (c 0.265, CHCIg). 1 H NMB (CDCI 3 ): 5 0.00 (s, 12H), 0.88 
25 (s, 18H), 2.37-2.40 (m, 2H), 2.69-2.75 (m, 4H), 3.80-4.62 (m, 20H), 4.61-4.63 (m, 4H), 4.98 (bs, 4H), 5.30-5.38 (m, 
4H) : 5.94-6.00 (m, 2H), 6.81 (s ; 2H), 7 84 (s, 2H), 8.80 (bs, 2H). 

1,1^fl(Propane-1>diyl)dioxy)bls[2-a^ 
2-hydroxymethyl-4-methylidene-2,3-dihydropyrro!e] (78) 

30 

[0212] An aliquot of hydrogen tluoride/pyridine complex (0.8 mL, 70% HF, 30 % pyridine) was added to a solution of 
the bis-silyl ether 206 (285 mg, 0.287 mmol) in THF (10 mL) at 0°C under a nitrogen atmosphere. Stirring was continued 
at 0°C for 30 minutes and the reaction mixture was then allowed to rise to room temperature over a 1 hour period. The 
reaction mixture was neutralised with sodium bicarbonate and extracted with dichloromethane (3 x 30 mL). The com- 
35 bined organic phase was washed with brine and dried over magnesium suiphate. Removal of excess solvent under 
reduced pressure afforded the product 78 as a yellow gum (218 mg). 

1,r[[(Propane-1,3-diy0dioxy]bte^^^ 

1 ,2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-c] [1,4-benzodiazepin-5-one] (79) 

40 

[0213] A solution of dimethyl sulphoxide (0.55 mL, 7.75 mmol) in dry dichloromethane (10mL) was added dropwise, 
over a 15 minute period, to a stirred solution of oxatyl chloride (0.32 mL, 3.67 mmol) in dichloromethane (10 mL) at - 
45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir tor 35 minutes at - 45°C followed by 
addition ol the diol 78 (1.01 g, 1.32 mmol) in dichloromethane (10 mL), at the same temperature, over 15 minutes. 

45 After a further 45 minutes a solution of triethylamine (1 .50 mL, 10.76 mmol) in dichloromethane (10 mL) was added 
over a period of 15 minutes. The reaction mixture was allowed to stir at - 45*C for 30 minutes before being allowed to 
warm to room lemperature over 45 minutes. The reaction mixture was diluled with water and the phases were allowed 
to separate. The organic phase was washed with 1M HCI (3 x 50 mL), sat. sodium chloride (50 mL) and dried over 
magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash column chro- 

so matography (1 .5% methanol 98.5% chloroform) to afford the product 79 (0.785 g, 77%). 

1,rrj(propane-1,3-diyl)dioxy^ 
benzodiazein-5-one] (80, SJG-136) 

55 [0214] A catalytic amount of tetrakis(triphenylphosphine)palladium (21 mg r 0.018 mmol) was added to a stirred so- 
lution of the b/s-alloc-carbinolamme 79 (250 mg, 0.33 mmol) : Iriphenylphosphine (1 0 mg, 0.033 mmol) and pyrrolidine 
(0.05 mL, 0.66 mmol) in dry CH 2 CI 2 (30 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to stir for 2 hours before warming to room temperature over 1 hour.. The solvent was evaporated under 
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reduced pressure and the resulting residue subjected to flash chromatography (98% CHCI 3 /MeOH) to give the bis- 
imine target molecule 80 (SJG-136). 

Example 2(e) : Synthesis of 1 t r rf(pentane-1 ,5-diyl)diox^^ 
tetrahydro-5H-pyrrolo[2,1-ciri ,4]benzodiazepin-5-one] (218) (see Figure 12a/b) 

[0215] 




Preparation of Nitro Dimer Core 

r,5-Bis[2-methoxy-4-(methoxycarbonyl)phenoxy]pentane (208) 

[0216) Neat diethyl azidodicarboxylate (1 9 02 mL, 21 .04 g, 120.8 mmoi) was added dropwise over 30 minutes to a 
stirred solution of methyl vanillate (206) (20 g. 109.8 mmol) and triphenyiphosphine (43.2 g t 1 64.7 mmol) in anhydrous 
THF (400 mL) and the reaction mixture was allowed to stir at 0°Cfor 1 h. The cold reaction mixture was treated dropwise 
over 20 minutes with a solution of 1 ,5-pentanediot (207) (3.83 mL, 4.03 g, 53.0 mmol) in THF (4 ml). The reaction 
mixture was allowed to stir overnight at room temperature and the precipitated product (208) was collected by vacuum 
filtration Dilution of the filtrate with methanol precipitated further product (208). The combined precipitate (12.3 g, 52 
% based on pentanediol) was used in the next step without further purification: 1 HNMR (270 MHz, CDCI 3 ) o 7 65 (dd, 
2H, J= 2.01 , 8.42 Hz). 7.54 (d, 2H, J= 2.01 Hz), 6.87 (d, 2H J- 8.42 Hz), 4.10 (t. 4H, J= 6.59 Hz), 3.90 (s, 6H), 3 89 
(s. 6H), 2.10-1 .90 (m, 4H), 1 .85-1 .26 (m, 2H). 

r.S'-Bis^-methoxy^^methoxycarbonyO-S-nitrophenoxyJpentane (209) 

[0217] Solid copper (II) nitrate trihydrate (16 79 g, 69.5 mmol) was added slowly to a stirred solution of the bis-ester 
(208) (12 g. 27.8 mmoi) in acetic anhydride (73 mL) at 0°C. The reaction mixture was allowed to stirtor 1 hour at 0°C, 
the ice bath was removed and the reaction mixture was allowed to warm to room temperature a mild exotherm, c. 
40°C ; accompanied by the evolution of N0 2 occurred at this stage. After the exotherm had subsided stirring at room 
temperature was continued for 2 hours. The reaction mixture was poured into ice water and the aqueous suspension 
allowed to stir for 1 h. The resulting yellow precipitate was collected by vacuum filtration and dried in air to afford the 
desired bis nitro compound (209) (14.23 g, 98 %): 1 H NMR (400 MHz, CDCI 3 + DMSO) 6 7.45 (s, 2H), 7.09 (s ( 2H), 
4.14 {t, 4H, J= 6.31 Hz), 3.97 (s, 6H), 3.90 (s, 6H), 2.20-1 .94 (m, 4H), 1 .75-1 .70 (m, 2H). 

1 , ,5 -Bis(4-carboxy-2-methoxy-5-n»trophenoxy) pentane (210) 

[02181 A suspension of the ester 209 (9.0 g, 17.2 mmol) in aqueous sodium hydroxide (1 M t 180 mL) and THF (180 
mL) was allowed to stir until a homogenous solution was obtained (2 days). THF was evaporated under reduced 
pressure and the resulting aqueous suspension was filtered lo remove any unreacted starling material. The litlrate was 
adjusted to pH 1 , the precipitated product was collected by filtration and air dried to afford the desired bis-acid (210) 
(8.88 g). A higher than theoretical yield was obtained due to the inclusion of the sodium salt of acid. The salt may be 
removed by dissolving the bulk of the material in THF and removing the insoluble material by filtration; 1 H NMR (400 
MHz, CDCI 3 ) 6 7.39 (s, 2H), 7.1 6 (s, 2H), 4.12 (t, 4H, J~ 6.59 Hz), 3.95 (s, 6H), 2.00-1 .85 (m, 4H) f 1.75-1 .67 (m, 2H). 

Assembling the Bis Ketone Intermediate 

1,V-[[(Pentane-1,5-diyl)dioxy]bis[2-ntt 
butyldimethylsHyloxymethyl-4-hydroxypyrrolidineJ (21 1) 

[0219] A catalytic amount of DMF (5 drops) was added to as stirred suspension of the acid 210 (5.39 g, 10.9 mmol) 
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and oxatyl chloride (3.47 g, 2.38 mL, 27.3 rnmol) in anhydrous THF (50 mL). Initial effervescence was observed followed 
by the formation of a homogenous solution, however after stirring overnight a suspension of the newly formed acid 
chloride was formed. Excess THF and oxaly! chloride was removed by rotary evaporation under reduced pressure and 
the acid chloride was resuspended in fresh THF (49 mL). The acid chloride solution was added dropwise to a solution 

5 of the (2S, 4fl)-2-/-butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (2) (6.3 g t 27.3 rnmol).. trielhylamine (4.42 g, 6.09 
mL, 43.7 rnmol) and water (1 .47 mL) in THF (33 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was 
allowed to warm to room temperature and stirring was continued for 3 h. Excess THF was removed by rotary evaporation 
under reduced pressure and the resulting residue was partitioned between water (300 mL) and ethyl acetate (300 mL). 
The layers were allowed to separate and the aqueous layer was extracted with ethyl acetate (3 x 1 50 mL). The combined 

io organic layers were then washed with ammonium chloride (150 mL), sat. sodium bicarbonate (150 mL), brine (150 
mL) and dried over magnesium sulphate. Filtration followed by rotary evaporation under reduced pressure afforded 
the crude product as a dark oil. 

The crude product was subjected to flash column chromatography (3% methanol, 97% chloroform) and removal of 
excess eluent isolated (211) (3.70 g, 37% yield): 1 H NMR (270 MHz, CDCI 3 )§ 7.65 (s. 2H), 6.77 (s, 2H), 4.52 (bs, 2H), 
15 4.40 (bs f 2H), 4.17-4.10 (m, 6H), 3.92 (s, 6H) : 3.77 (d, 2H, J--- 10.26 Hz). 3.32 (td, 2H, J ~ 4.40. 11.35 Hz), 3.08 (d : 
2H, J= 11.35 HZ), 2.37-2.27 (m, 2H), 2.10-2.00 (m\ 6H), 1 .75-1 .60 (m, 2H), 0.91 (s, 18H), 0.10 (s, 12H). 

1 ,V-[[(Pentane-1 ^^lyOdjoxyjbls^-amino-S-methoxy-l.^phenyleneJcarbonylll'bls^aS^fl)^-!- 
butyldimethy Is ilyloxymethyl-4-hydroxy pyrrolidine) (212) 

20 

[0220] A melhanolic solution of hydrazine hydrate (1 .25 mL, 1 .29 g, 40.2 rnmol of hydrazine, 20 mL of methanol) 
was added dropwise to a solution of the bis-nitro compound 21 1 (3.6 g, 3.91 rnmol) in methanol (68 mL) gently refluxing 
over Raney nickel (510 mg of a thick slurry). After 5 minutes at reflux TLC (10% MeOH, 90% chloroform) revealed the 
incomplete consumption of starting material. The reaction mixture was treated with additional Raney nickel <c 51 0 mg) 

25 and hydrazine (1 .25 mL) in methanol (20 mL) resulting in complete consumption of starting material. Excess Raney 
nickel was added to the reaction mixture to decompose unreacted hydrazine hydrate and the reaction mixture was 
then allowed to cool. The reaction mixture was filtered through celite to remove excess Raney nickel and the fitter pad 
washed with additional methanol (Caution! Raney nickel is pyrophoric, do not allow filter pad to dry, use cone. HCI to 
destroy nickel) The combined filtrate was evaporated by rotary evaporation under reduced pressure and the residue 

30 re-dissolved in dichloromethane. The dichloromethane solution was dried over magnesium sulphate (to remove water 
associated with the hydrazine), filtered and evaporated to afford the product (212) as a foam (3.37 g, 91%): 1 H NMR 
(270 MHz, CDCI 3 ) 5 6.69 (s : 2H), 6.24 (s, 2H), 4.40-3.40 (m. 28H). 2.40-1 .60 (m. 10H), 0.88 (s, 18H). 0.03 (s, 12H). 

1 ,1*-lHPentane-1 ^-diylJdioxyJbis^-amino-N-allyloxycarbonyi-S-methoxy-l >4-phenylene)carbonyl]]-bis[(2S, 
35 4fl}-2-t-butyIdimethylsilyloxymethyl-4-hydroxypyrrolidine] (213) 

[0221] A solution of allyl chloroformate (0.806 mL, 0.916 g, 7.6 rnmol) in dry dichloromethane (63 mL) was added, 
dropwise, to a solution of the bis-amine 212 (3.27 g, 3.8 rnmol) and pyridine (1.26 g, 1 .29 mL, 15.9 rnmol) in dichlo- 
romethane (1 28 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temper- 

40 ature and to stir for 16 h. At which time TLC (10% MeOH, 90% Chloroform) revealed reaction to be complete. The 
reaction mixture was diluted with dichloromethane (40 mL) and washed with sat. copper il sulphate (2x140 mL), water 
(120 mL) and sat. sodium chloride (120 mL). The organic phase was dried over magnesium sulphate, filtered and 
evaporated under reduced pressure to afford 213 as a foam (3.60 g, 92%). 1 HNMR (270 MHz, CDCI 3 ) 6 8.87 (bs, 2H), 
7.66 (S, 2H), 6.77 (s. 2H), 6.05-5.80 (m, 2H), 5.40-5.15 (m, 4H), 4.70-4.50 (m, 6H), 4.38 (bs, 2H), 4.20A00 (m, 4H), 

*5 3.78 (S, 6H) r 3.70-3.40 (m f 8H), 2.40-2.20 (m : 2H) S 2.10-1.80 (m, 6H) ; 1 .75-1 .55 (m, 2H), 0.89 (S r 18H), 0.04 (s, 12H). 

1 .1 '-[[(Pentane-1 ,5-diyl)dioxy]bjs[2-amino-N-ally!oxycarbonyl-5-methoxy-1 ,4-phenylene)carbonylJ]-bis[(2S)- 
2-l-butyldimethylsilytoxymethyl-4-oxo-pyrrolidine] (214) 

50 [0222] A solution of dimethyl sulphoxide (1.47 mL } 1 .62 g. 20.7 rnmol) in dry dichloromethane (32 mL) was added 
dropwise over 45 minutes to a stirred solution of oxalyl chloride (5.18 mL of a 2 M solution in dichloromethane, 10.35 
rnmol) at - 60°C under a nitrogen atmosphere. After stirring at - 50°C for 30 minutes, a solution of the bis-alcohol 213 
(3.55 g, 3.45 rnmol) in dichloromelhano (53 mL) was added dropwise over a period of 50 minutes. The reaction mixture 
was allowed to stir at -60°C for 30 minutes prior to the dropwise addition of a solution of trielhylamine (4.75 g, 6.54 

55 mL, 46.9 rnmol) in dichloromethane (27 mL). Stirring was continued at - 60°C for 45 minutes and then allowed to warm 
lo 0°C. The reaction mixture was diluted with dichtoromethane (20 mL), washed with cold 1 M HCI (2 x 100 mL). sat. 
sodium chloride (100 mL) and dried over magnesium sulphate. Removal of excess solvent afforded Ihe crude bis- 
ketone which was purified by flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to yield 
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the pure bis-ketone (214) as a pale yellow foam (2.54 g, 72%): 1 H NMR (270 MHz, CDCI 3 ) 5 8.69 (bs, 2H), 7.78 (s, 
2H), 6.75 (s, 2H), 6.05-5.80 (m, 2H), 5.40-5.20 (m, 4H), 4.65-4.60 (m, 4H). 4.20-3.60 (m, 20H), 2.74 <dd, 2H. J= 9.25, 
18.1 H2) f 2.51 (d. 2H . J - 17.4 Hz), 2.00-1.90 (m, 4H). 1.75-1.65 (m, 2H), 0.87 (s, 18H), 0.05 (s, 12H). 

i Elaboration of bis Ketone and Preparation of the Target Molecule 

1 ,1 '-n(Pentane-1 ,5-diyl)dloxy]bis(2-am 

2-f-butyldimethylsilyloxymethyl-4-methyljdene-2,3-dihydropyrrole] (215) 

w [0223] A solution of potassium- f-butoxide in dry THF (0.5 M, 25.2 mL, 12.6 mmol) was added dropwise lo a suspen- 
sion of methyltriphenylphosphonium bromide (4.50 g, 1 2.6 mmol) in dry THF (1 5 mL). The resulting yellow ylide sus- 
pension was allowed to stir at 0°C for 2 hours before the addition of a solution of the bis-ketone 214 (2.48 g, 2.42 
mmol) in THF (10 mL) at 10°C. The reaction mixture was allowed to warm to room temperature and stirring was 
continued for a further hour. 

is The reaction mixture was partitioned between ethyl acetate (1 00 mL) and water (1 00 mL) and the organic layer was 
washed with sal. sodium chloride (200 mL) and dried over magnesium sulphate. Removal of excess solvent gave a 
brown oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) lo 
afford the product (215) as a yellow glass (865 mg, 35%): 1 H NMR (400 MHz. CDCI 3 ) 6 8.90 (bs, 2H), 7.83 <s t 2H), 
6 82 (s, 2H), 6.05-5.90 (m, 2H), 5.40-5.20 (m, 4H), 4.99 (bs, 2H), 4.91 (bs, 2H), 4.65-4.60 (rn, 4H), 4.20-3.60 (m, 20H), 

20 2.70 (bs, 4H), 2.00-1 ,90 (m, 4H), 1.75-1.63 (m, 2H), 0.88 (s, 18H),0.03 fs, 12H). 

1 ,1'-[[(Pentane-1 ,5-diyl)dioxy]bis[2-amino-N-allyloxycarbonyl-5-meth<>xy-1,4-phenytene)carbonyl]]-bis[(2S)- 
2-hydroxymethyl-4-mcthylidene-2,3-dihydropyrrole] (216) 

?5 [0224] A solution of TBAF (3.02 mL of a 1 M solution in THF, 3.02 mmol) was added to tho bis-siryi ether (215) (1 .23 
g, 1 .21 mmol) in THF (30 mL) at 0°C (ico/acetone). The reaction mixture was allowed to warm to room temperature 
and to stir overnight, the following day : TLC (50:50 EtOAc/Pet-Ether 40° -60°) revealed the complete disappearance 
of starting material. Saturated NH 4 CI (150 mL) was added and the reaction mixture extracted with EtOAc (3 X 60 mL), 
washed with sat. sodium chloride (150 mL). dried (MgS0 4 ), filtered and evaporated in vacuo to give a yellow oil. Pu- 

so rification by Hash chromatography (97% CHCl 3 / 3%MeOH) provided the pure alcohol (216) (916 mg, 96%): 1 H NMR 
(400 MHz, CDCI 3 ) d 8.61 (bs. 2H), 7.58 (s, 2H) : 6.79 (s, 2H), 6.05-5.90 (m, 2H). 5.40-5.20 (m, 4H), 5.01 (bs. 2H), 4.93 
(bs, 2H). 4.65-4.60 (m. 4H). 4.20-3.60 (m, 20H). 2.76 (dd, 2H, , J= 8.42. 1 5.74 Hz), 2.47 (d, 2H, J= 1 5.93 Hz), 2.00-1 .90 
(m, 4H), 1.80-1.63 (nrv 2H). 

35 1/r[[(Pentane-1,5-diy!)dioxy]bis(11S/M^ 

I^^JOJI^Ia-hexahydro-SH-pyrrolo^J-cinAbenzodiazepin-S-one] (217) 

[0225] A solution of dimethyl sulphoxide (0.57 mL, 0.63 g. 8.07 mmol) in dry dichloromethane (17 mL) was added 
dropwise, over a 40 minute period, to a stirred solution of oxalyl chloride (2.02 mL, of a 2 M solution, 4.04 mmol) at - 

to 45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 40 minutes at - 45°C followed by 
addition of the diol 216 (0.89 g, 1 .12 mmol) in dichloromethane (17 mL), at the same temperature, over 15 minutes. 
After a further 60 minutes a solution of triethylamine (1 .31 mL, 9.42 mmol) in dichloromethane (9 mL) was added over 
a period of 40 minutes. The reaction mixture was allowed to stir at - 45*C for 40 minutes before being allowed to warm 
to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed to 

45 separate. The organic phase was washed with 1 M HCI (2 x 40 mL), water (40 mL), sat. sodium chloride (40 mL) and 
dried over magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash 
column chromatography (1% methanol, 99% chloroform) lo afford the product 217 (0.175 g, 20%): 'H NMR (400 MHz, 
CDCI3) 6 7.22 (s. *2H), 6.65 (s. 2H), 5.82-5.70 (m, 2H), 5.58 (d, 2H, J = 9 70 Hz), 5.25-5.00 (m, 8H), 5.75-4.35 (m, 4H), 
4.30 (d, 2H, J= 1 6.10 Hz), 4.15 (d, 2H, J= 17.03 Hz), 4.01 (t, 4H, J - 6.32 Hz), 3.90 (s, 6H), 3.64 (t, 2H, J = 8.70 Hz), 

so 3.00-2.85 (m, 2H), 2.71 (d, 2K J ~ 16.29 Hz), 2.00-1.85 (m P 4H), 1.70-1.60 (m, 2H). 

1 ,1 [[(pentane-1 ,5-diyl)dioxy]bis[(1 1 aS)-7-methoxy-2-methylidene-1 ,2,3,1 1 a-tctrahydro-5H-pyrrolo[2,1-c][1 ,4] 
benzodiazepin-5-one] (218) 

55 [0226] A catalytic amount of tetrakis(triphenylphosphine)paltadium (1 3 mg, 1 1 .2 mmol) was added to a stirred solution 
of the bis-alloc-carbinolamine (217) ( 1 70 mg, 0 22 mmol), triphenylphosphine (5.7 mg, 21 .6 mmol) and pyrrolidine (31 
mg, 37.3 mL 0.45 mmol) in DCM (13 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to warm to room temperature and the progress of reaction monitored by TLC (95% CHCI^MeOH). After 
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2 hours TLC revealed the reaction was complete to give a spot, which fluoresced brightly under UV light. The solvent 
was evaporated under reduced pressure and the resulting residue subjected to flash chromatography (99% to 98 
CHCI3W ;OH) to give the bis-irnine target molecule 218 as a pale yellow glass (84.5 mg. 75%) which was repeatedly 
evapora - ■ . <n vacuo with CHCI 3 to provide the imine form: 1 H NMR (400 MHz. CDCI 3 ) 6 7.68 (d. 2H. J- 4.39 Hz), 7.49 
(s, 2H), 6 >vy (s, 2H), 5.19 (bs, 2H), 5.16 (bs : 2H), 4.28 (bs, 4H), 4.15-4.00 (m, 4H), 3.92 (s, 6H), 3.90-3.80 <m, 2H), 
3.12 (dd, 2H : , J= 8.97 : 15.93 Hz) r 2.95 (d : 2H, 15.93 Hz), 2.00-1.85 (m, 4H), 1.72-1.67 (m, 2H). 

Example 2(f) : Synthesis of PBD with ketone on C-ring (172, UP-20 67) (see Figure 13) 
[0227] 




(2S)(4R)-N-{4-benzy»oxy-5-methoxy-2-^ 
4-hydroxypyrrolidine (168) 

[0228] A solution of 2.2 2 trichloroethylchloroformatc (8.74 g, 5.68 mL, 41 .2 mmol) in dichtoromethane (50 mL) was 
added lo a solution of 4 (1 8.2g, 37.5 mmol) and pyridine (5.92 g, 6.1 mL, 75.0 mmol) in dry dichloromelhane (200 mL) 
at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to stir overnight at room temperature and was 
then washed with saturated copper sulphate solution (100 mL), water (100 mL) and brine (100 mL). The organic phase 
was dried over magnesium sulphate, filtered and excess solvent removed by rotary evaporation to afford the product 
168 (22 01 g 33 ? mmol 89%) which was used in the subsequent reaction without further purification. 'H NMR (270 
MHz CDCU) 6 9.31 (bs. 1H) ; 7.48 (s, 1H); 7.45-7.28 (m, 5H); 6.82 (s, 1H); 5.17 (bs, 2H); 4.89 (d, J = 11.9 Hz, 1H>; 
4 70 (d J = 11 9 Hz 1H): 4 56 (bs. 1H); 4.40 (bs, 1H); 4.20-4.00 (m ; 1H); 3.95-3.40 (m, 7H); 2.40-2.00 (m, 2H); 0.09 
(s.9H):0.04 (s. 6H). 13 C NMR (67.8MHz. CDC! 3 ) 5 169.2, 152.1, 150.2, 136.1, 128.6, 128.1. 127.7, 111 .6, 106.2, 95.2, 
74.4 : 70.7, 70.5, 62.1,57.2, 56.4, 35.4, 25.8,18.1,-5.46. 

(2S)-N-[4-benzytoxy-5-methoxy-2-(2\ 2', 2'-trichloroethoxy)carbonyl amino]-2-(tert- 
butytdimethylsilyloxymethyi)-4'OXopyrroHdine (169) 

[0229] A solution of DMSO (7 80 g, 99.8 mmol) in dry dichloromelhane (1 8 mL) was added dropwise, over 30 minutes, 
to a solution of oxatyl chloride (6.34 g, 49.9 mmol) in dry dichloromelhane (25 mL) at - 45°C under a nitrogen atmosphere 
and the reaction mixture allowed to stir for a further 1 5 minutes. A solution of the substrate 168 (22.01 g, 33.3 mmol) 
in dichloromelhane (50 mL) was added dropwise over 40 minutes to the reaction mixture, which was then allowed to 
stir for 45 minutes at - 45°C. Finally, neat triethylamine (23.52 g, 232.9 mmol) was added dropwise over 30 minutes 
and the reaction mixture allowed to stir at -45°C tor 15 minutes. The reaction mixture was allowed to warm to room 
temperature diluted with water (1 50 mL) and the organic phase washed with dilute HCt (1N. 100 mL), water (1 00 mL) 
and brine (* 10 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo to 
afford the crude product which was subjected to column chromatography (ethyl acetate/40-60 petroleum ether 50:50 . 
Removal ol excess eluent afforded the product (20.15 g. 92% yield). 1 H NMR (270 MHz, CDCI 3 ) 6 7.88 (bs, 1H ; 
7.49-7.28 (m, 5H); 6.80 (s, 1H), 5.22 (d : J = 12.1 Hz, 1H); 5.17 (d, J = 12.1 Hz, 1H); 4.80 (bs, 2H), 4.10-3.60 (m 8H); 
2 75 (dd J = 18 0 9.5 Hz, 1H); 2.52 (d, J - 18.0 Hz. 1H); 0.87 (s, 9H); 0.06 (s, 3H); 0.05 (s, 3H). «C NMR (67.8 MHz) 
5 208.7, \ 68.8, 151.8, 150.6, 144.7, 136.0, 128.5, 128.1, 127.7,110.9, 106.4, 95.2,74.4,70.7,66.0,56.8,56.4, 39.4, 
25.8,18.0,-5.7. 

(2S)-N-l4-ben2yloxy-5-methoxy-2-(Z,2 ,2Mrichloroethoxy)carbonyl amino)-2-(hydroxymethyl)- 
4-oxopyrrolidine (170) 

[0230] Glacial acetic acid (60 mL) and water (20 mL) were added to a solution of ketone 169 (9.44 g, 14 3 mmol) in 
THF (20 mL) and the reaction mixture allowed to stir for 3 hr. (reaction complete by TLC). The reaction mature was 
diluted with dichloromelhane (200 mL) and neutralized dropwise with sat. sodium bicarbonate (1.5 L) in a 5 L flask 
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(effervescence!). The phases were allowed to separate and the aqueous layer extracted with drchloromethane (2 x 
1 00 mL). The combined organic layers were washed with brine and dried ever magnesium sulphate. Remova of excess 
solvent afforded the crude product which was subjected to column chromatography or. sto (ethyl ace : ate/40-60 pe- 
troleum ether, 50:50) to give the pure product (6.44 g. 83%). NMR (270 MHz CDCI3) 8 8.77 (bs. I H) ; : 757 < 1 H) 
5 7 46-728 (m, 5H); 6.83 (s,1 H) 5.13 (s, 2H); 4.85-4.70 (m, 3H); 4.07-3.60 (m, 7H); 2.77 (dd, J = 18.5, 9.5 Hz 1H) 2 54 
(d J = 18 5Hz. 1H). 13C NMR (67.8 MHz, CDCI 3 ) 5 209.0, 169.4, 152.3, 150.6, 145.5, 136.0, 130.0, 128.6. 128.3, 
127.6, 110.9, 107.4, 95.2, 74.5, 70.8, 64.4. 60.4, 56.6, 55.9, 39.5. 

(11s, llaS)-4.benzyloxy-11-hydroxy-5-methoxy-4-oxo-10-(2',2\ 2Mrichloroethoxy)carbonyl-amino 1, 10, 11, 
to 1 la-tetrahydro-5H-pyrrolo-[2,1-c)[1 ,4]benzodiazepin-5-one (171) 

r0231] A solution o( DMSO (4.45 g, 4.04 mL, 56.9 mmol) in dry dichloromethane (25 mL) was added dropwise, over 
5 minutes, to a solution of oxatyl chloride (3.58 g.49.9 mmol) in dry dichloromethane (14 mL) at-60°C under a n.lrogen 
atmosphere and the reaction mixture allowed to stir for a further 1 5 minutes. A solution of the substrate 170 (1 0.93 g, 

.5 20 0 mmol) in dichloromethane (25 mL) was added dropwise over 30 minutes to the reaction mature^ wh.cn was then 
allowed 10 stir for 30 minutes at -60°C. Finally, neat triethylamine (1 1 .1 5 g, 232.9 mmol) was added dropw.se over 30 
minutes and the reaction mixture allowed to stir at -60»C tor 15 minutes. The reaction mixture was al^wed to warm to 
roomtemperature, diluted with water (150 mL) and the organic phase washedwithdllute HC. (1N, 100 mL), water (100 
mL) and brine (100 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo 

20 ,0 afford the crude product which was subjected to column chromatography (ethyl ace.a.e/40-60 petroleum elher 50. 
50). Removal of excess eluent afforded the product 171 (9.66 g. 89 % yield). <H NMR (270 MHz CDCy 8 745-7^33 
(m 5HV 727 (s 1H) 695 (s 1H); 5.76 (d. J - 9.9 Hz. 111); 5.52- 5.00 (m, 3H), 4.33 (d, J = 6.8 Hz, 1H); 4.30 (d, J - 
9 2 HZ 1H)- 4 00 3.'70 (m 5H); 2.98 (dd, J = 20.0, 10.4 Hz, 1H); 2.94 ,d, J - 20.0 Hz. 1H). «C NMR (67.8 MHz) 5 
207 7 167.5 154.5. 152 6, 150.8, 149 6. 135.8, 128.9-127.3, 124.0. 114.5, 110.8. 95.0. 86.6, 75.0, 71.1, 56.8. 56.2. 

zs 52.6, 40.2. 

<11aS)-4-ben 2 yloxy.5.methoxy-4-oxo-1,10 l 11,1i a -tetrahydro-5H-pyrrolol2,1^l[1,4lbenzodiaze P ,n-5-one(172) 

[0232] Cadmium/lead couple (1 .1 5 g) was added to a solution of cyclized ketone (1 g, 1 84 mmol) in THF (5 mL) and 
30 aqueous ammonium acetate (1 N. 15 mL). The reaction mixture was allowed to stir for 90 mmutes and then f tered 
through celite. The celite pad was washed with ethyl acetate (2 x 25 mL) and the organic layer separated The organ* 
layer was washed with brine (50 mL) and dried over magnesium sulphate^ Remova. of excess s<Jvent (o.towed by 
column chromatography afforded the pyrrolobenzodiazepine 172 (0.324 g, 0 .93 1 mmol) ^ 'H NMR (270 MHz, CDCJ 8 
V7KM i./jH? 1HV751IS 1HV746-727(m 5H); 5.23 (d, J = 12.3 Hz. 1 H); 5.17 d, J = 12.3Hz. 1H), 4.24-4.40 
33 JTS 1H); 2.99 (dd. J - 5.0 Hz, 1H). «C NMR (67.8 MH;) 8206.7, 165.5, 

161.4, 151.1, 148.5, 140 .5, 136.0, 128.7-127.1,118.9, 111.7, 111.3, 70.9,56.4,53.4,51.0, 40.0. 
Exam ple 2(a) : Synthesis of (11a^B-Benzvioxy-7-methoxv-2-(4-methox vbenzyU dene>1,2,3 t 11a,-tetrahyd^ 
5tf-pvrrolo[2 1 1-cU1.41benzodiazepine-5-one (185) (see Figure 14) 



[0233] 
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(2S)-/*[(2-aHyloxycarban^ 
4-methylidenepyrrolidine (182) 

[0234] The Wittig reagent, 4-methoxybenzylphosphonium bromide (3.686 g, 0.88 mmol) was added portionwise To 
a suspension of sodium hydride (352 mg of a 60% dispersion, 8.80 mmol) in anhydrous toluene (25 mL J under a 
nitrogen atmosphere at 0<>C. The mixture was allowed to warm to room temperature and then heated at reflux for 
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minutes. The colour of the reaction mixture darkened progressively from yellow through lo orange. At this stage a 
solution of the ketone (6 - see Example 1a) (0.5 g, 0.88 mmol) in dry toluene (25 mL) was added dropwise to the 
reaction mixture at reflux. After 10 minutes TLC (50% ethyl acetate, 50% 40 - 60* petroleum ether) revealed the com- 
plete consumption of ketone. Excess toluene was removed by rotary evaporation under reduced pressure to yield a 
brown residue, which was partitioned between ethyl acetate (1 00 mL) and saturated sodium hydrogen carbonate (1 00 
mL). The organic layer was washed with brine (1 00 mL) and dried over magnesium sulphate) removal of excess solvent 
by rotary evaporation under reduced pressure gave a dark oil which was subjected to flash chromatography on silica 
gel (20% ethyl acerate, 70% 40-60° petroleum ether). Removal of excess eluent afforded the product (182) as an oil 
which solidified on standing (420 mg, 0.62 mmol, 71%). [ a p 0 - 7.48° ( c = 1 .002 CHCI 3 ). iH NMR (270 MHz CDCM 
cs/trans mixture, rotamers 6 8.90 (bs, 1 H), 7.95 (s, 1H), 7.76-7.65 (m, 2H), 7.55 (m, 7H), 6.9 (s. 1H). 6.4) and 6 30 [2 

l\ ? 2 " 5,88 (m * 1 H) ' 5 4 °' 5 17 (S * 4H) ' 4 64 ' 4 59 (m ' 2H) ' 3 91 ' 3 - 70 < m ' 9H >' 3 00 - 2 - 95 (™> 2H >- (FAB) 
673 (M+1). Anal. Calcd for C^M^Si: C, 6783; H, 7.19; N, 4.16. Found C, 67.64; H, 733; N, 4.03. 

(2S>-N-E(2-allyloxycarnoylam 

pyrrolidine (183) 1 ' 

[0235] A solution of TBAF in THF (1 .21 mL t 1 M solution, 1 .21 mmol) was added to a solution of 182 (0.65 g, 0 97 
mmol) in THF (15 mL) at 0*C. The reaction mixture was allowed to warm to room temperature and stir overnight 
Excess THF was removed by rotary evaporation under .educed pressure and the residue was partitioned between 
ethyl acetate (1 00 mL) and saturated ammonium chloride (1 mL). The organic phase was washed with brine (1 00 mL) 
and dried over magnesium sulphate. Excess solvent as evaporated under reduced pressure and the resulting residue 
was subjected to flash column chromatography (silica gel, 50% ethyl acetate and 50% 40-60° petroleum ether) Re- 
moval of excess eluent by rotary evaporation under reduced pressure afforded the compound 183 (0.9 g, 1 .61 mmol 
65%). 1H NMR (270 MHz, CDCI 3 ) cis/trans mixture S 8.55 (bs, 1H), 7.50-7.10 (m, 8H). 6.80-6.90 (m, 3H) 6 40 and 
6.29 (2 x bs, 1 H), 6.02-5.88 (m, 1H), 5.40-5.1 0 (m, 4H), 4.55-4.70 (m, 2H).4 .50-4.30 (m, 1 ), 3.95-3.80 (m, 8H) 3 10-3 90 
(m ; 1H), 3.50-3.70 (m, 1 H). HRMS (FAB) Calcd for C^H 25 N 2 0 7 (IvUH) 559.2444; Found 559.2*62. 

(11S : 11aS)-10-ally»oxycarbony|-8-ben2^^^ 

1 ,2,3,10,1 1 ,1 1a-hexahydro-5W-pyrrolo[2,1 -c)[1 ,4]benzodjazepine-5-one (1 84) 

[0236] A solution of DMSO (0.41 mL 5.80 mmol) in dry DCM (50 mL) was added dropwise to a stirred solution of 
oxalyl chloride (1 .45 ml of a 2M solution, 2.90 mmol)at -40°C under a nitrogen atmosphere. After 45 minutes stirring 
at - 45°C, a solution of 183 (0.9 g, 1 .61 mmol) in DCM (50 mL) was added dropwise to the mixture over 45 minutes. 
After stirring at - 45°C for 45 minutes the reaction mixture was treated dropwise with a solution of TEA (0.94 mL, 6.76 
mmol) in DCM ( 20 mL) over 30 minutes. After a stirring at - 45°C for a further 40 minutes the reaction mixture was 
allowed lo warm to room temperature and then diluted with DCM (30 mL). The diluted reaction mixture was washed 
with dilute hydrochloric acid (1 N, 300 mL). water (150 mL). brine (150 mL) and dried over magnesium sulphate 
Removal ol excess solvent afforded the crude product, which was subjected to column chromatography (silica gel 
50% ethyl acetate and 50% 40-60° petrofeum ether). Removal of excess eluent afforded the product 184 as an oil 
(0.62 g, 1.11 mmol, 69%). 'H NMR (270 MHz. CDCI 3 ) cis/trans mix 6 7.50-7.10 (m, 8H), 6.90-6.85 (m 2H) 6 74 (s 
1H). 6.50 and 6.45 (2 x bs, 1H), 6.70-5.00 (m, 6H), 4.70-4.20 (m, 4H), 3.98 (s t 3H), 3.90-3.70 (m, 4H), 3 10-2 80 (m' 
2H). HRMS (FAB) Calcd for C 32 H33N 2 0 7 (M+H) 557.2288; Found 559.2277. 

(11a^8-Benzyloxy-7-methoxy-2-(4-meth^^ 41 
benzodiazepine-5-one (185) ' 

[0237] Triphenylphosphine : pyrrolidine and palladium letrakistriphenylphosphine were addaed sequentially lo a 
stirred solution of substrate in dry DCM. The reaction mixture was allowed to stir at room temperature under a nitrogen 
atmosphere for 2 h, at which time TLC (50% ethyl acetate and 50% 40-60* petroleum ether) revealed the complete 
consumption of starting material. The reaction mixture was evaporated to dryness and the resulting residue subjected 
to gravity column chromatography (silica gel, gradient elution: 30% ethyl acetate, 70% 40-60° petroleum ether to 70% 
ethyl acetate, 30% 40-60° petroleum ether). Removal of excess eluent afforded the PBD (185) as a yellow glass that 
was reprecipitated from ethyl acetate with 40-60° petroleum ether. 

[0238] 1H NMR (270 MHz, CDCI 3 ) cis/trans mix 5 7.69 (d : 1H, J-r 4.39 Hz), 7.52 (s, 1H), 7.46-7 30 (m 5H) 7 20-7 16 
(m, 2H), 6.92-6.88 (m, 2H), 6.84 (s, 1H), 6.53 (bs, 1H). 5.20-5.17 (m, 2H), 4.52 (m, 2H), 3.96 (s. 3H) 3 90-3 75 (m 
4H), 3.34-3.26 (m, 1H), 3.12-3.00 (m, 1H). 
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Example 3 : Synthesis of Compounds of formula III 

Overview ol Synthesis 

r02391 The Biaryl PBDs 1 36, 1 38 and 1 40 were obtained by removal of the Troc protecting group from the protected 
carbinolamines 1 35, 137 and 139. For compounds 136 and 138 the deselection method of Dong et al, was employed 
(Cd/Pb ammonium acetate buffer), however, this approach could not be applied to the preparation of 140 as th,s 
molecule contained a nitro group sensitive to the Cd/Pb couple. In this case a novel deprotection procedure mvolving 
the use of tetrabutyl ammonium fluoride was used. The protected biaryl carbinolamines were prepared by the Suzuki 
reaction the common 7-iodo substituted protected carbinolamine 1 34 was exposed to the appropr.ate boronic ac.d in 
Ihepresence of a palladium catalyst. This reaction is of wide scope as over 70 boronic acids are commercially available^ 
The iodo substituted protected carbinolamine 134 was furnished by Swern oxidation of the pnmary alcohol 133. The 
Swern procedure was particularly effective in this case but other oxidizing agents such as the Dess-Martin reagent 
TPAP or pyridine sulphur trioxide complex and DMSO could also be employed. The primary alcohol 133 was afforded 
by couplingcommercially available pyrrolidinemethanol to the Troc protected anthranilic acid chlor.de obtained by 132 
by treatment with oxatyl chloride. The Troc protected acid was in turn prepared by exposing the anthranilic acd 131 
to 2 2 2-trichloroethyl chlorotormate. Other protecting groups can be used In place of Troc such as Nvoc Teoc and 
Fmoc but care must be taken in choosing a protecting group as some groups such as Boc spontaneously form the 
isaloic anhydride when exposed to oxalyl chloride prior lo the coupling step. = „„ r ^ h 
(02401 The 9-methoxy PBD (1 01) was prepared in an analogous fashion demonstrating the versatility of the approach ■ 
0241 The 8-amino PBD (151) was prepared by the removal of a Troc protecting group from the ammo substituted 
protected carbinolamine 150. The free amine was obtained by remova. of an Fmoc protecting group .under standard 
conditions (piperidine/DMF) from the protected oarbinobmine 149. Swern oxidation of. he pnmary alcoho^ 
149 in good yield, the substrate for oxidation reaction was prepared by Fmoc protect.cn of the aniline 147. Reduct on 
o. the nitro compound 146, with tin chloride furnished the aniline, hydrogenation could not be employed to reduce the 
ni.ro group as the Troc system does not withstand these conditions. The nitro compound 146 was W»Jby ^ he 
coupling of the acid chloride derived (rem 1 45 with pyrrolidinemethanol in the presence of base . F.naHy th^rotectod 
anthranilic acid 145 was furnished by exposing the commercially available 4 nitro anthraml.c acid 144 to Troc Chloro- 

The 8-benzyloxy-7.9-dime.hoxy PBD (143, UP2022) was prepared by a slightly different approach which does 
not involve the use o» anthranilic acid starting materials but proceeds through 2-nitrobenzoic ac.d ^'™«^ J** 
PBD was obtained from the protected carbinolamine 142 by removal of the Troc protecting group under the ^ usual 
conditions. The protected carbinolamine was furnished by Swern oxidation ot primary alco o. 1 41*** . Jrrvwas 
prepared by selective protection of the amino alcoho. 126 as the Troc carbamate by exposure to Troc O^™"* 
inthepresenceof pyridine. The amino ^oho.was obtained by reduction of the n.tro compound 125^ 
and hydrazine (again hydrogenation could not be employed due to the presence of a benzyl group). The nrtro alcohol 
125 was prepared by coupling pyrrolidine methane, to the requisite 2-ni,robenzo,c acid 124. Th.s n.tro benzo, acid 
was not commercially avlble and was prepared in four steps from the available syringe 

ester 122 was proceeded smoothly using Copper nitra.e in acetic anhydride. The ester 122 was obtained by standard 

ST 8 The PBDs 96, 1 13, 120 and 194 were obtained in an identical lashion from the 2-nitrobenzoic acids 19, 108, 

WW S dlmer 90 was prepared in an analogous lashion from the core nitro compound 85; the core ^sse m b.ed 
by joiing together ,wo uni.s of the phenol 64 via Mitsonobu e.herifica.ion. The phenol 84 was de ved ™ *ynng,c 
acid 83 in a three step synthesis, the crucia. step being the nitration of 82 which was performe Iw h 70 A n«ri > «*. 
[0245] The phenolic PBD 130 was prepared by an analogous route to that used for the synthesis o. the PBD 143 
however the requirement .o incorporate a pheno.ic group prompted the use o. a dilleren. protecting W£°£™e 
,ree PBD was obtained by treating the Teoc protected carbinolamine 129 with TBAF in ™ c *°™^ 
129 was unmasked by the hydrogenous of the benzyloxy moiety o. 1 28 in , the > presence of the 
(Troc would not survive under these conditions). The benzyloxy compound 128 was obtained by Swern oxidation of 
!h"r a ryalcoho.127wh te hwas prepared by treating, he amino alcohol 126 with Teoc chtoro.ormatem the presence 

of base. 
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Example 3(a) : Synthesis of the C9/C9 -Dimethoxy PBD Dimer (90, DRH-165) (see Figure 15) 
[0246] 

OMe OMe 



0 o w 

O-Acetylsyringic acid (82) 

[0247] A suspension of syringic acid 81 (1 0.0 g, 50.5 mmol) in acetic anhydride (30.0g, 27.7 mL, 294 1 mmol) was 
warmed gently until a clear solution was obtained. Fused sodium acetate (0.5g, 6.10 mmol) was added to the solution 
which was allowed to stir for 16 hours at room temperature. The solution was poured into water (100 mL) and stirred 
thoroughly to ensure hydrolysis of any excess anhydride. Crude OAcetyl-syrlngic acid was recrystallized from water 
to afford the product as an off-while powder (11 .2 g, 46.7 mmol). H 1 NMR (270 MHz, CDCU) 5 7.36 (s 2H) 5 94 (br s 
1 H), 3.87 (s, 6H), 2.35 (s, 3H). HRMS catcd for 240.0634 ; found 240.0637 

4-Acetoxy-3,5-dimethoxy-2-nitrobenzoic acid (83) 

[0248] Fuming nitric acid (5.2 mL) was added, carefully to a solution of oacetylsyringic acid 82 (1 1 .1 g, 46.2 mmol) 
in acetic anhydride (33 g, mmol) at 5°C and the reaction mixture was then allowed to stir for 3 hours at room temperature 
The reaction mixture was poured over ice (300 mL) and the yellow precipitate was collected by filtration, washed with 
water (3x1 00 mL) and dried in vacuo to afford the product as a pale yellow solid (1 2.4 g). H 1 NMR (270 MHz CDCIO 

5 7.37 (s, 1H), 3.92 (s ; 3H), 3 90 (s, 3H), 2.39 (s, 3H). ' 

Methyl 3,5-dimethoxy-4-hydroxy-2-nitrobenzoate (84) 

[0249] A catalytic amount of DMF (5 drops) was added to a solution of oxalyl chloride (6.3 g, 49.8 mmol) and 0- 
nitrobenzoic acid 83 (12.4 g. 45.2 mmol) in anhydrous THF (100 mL) and the reaction mixlure allowed to stir at room 
temperature for 16 h. The resulting acid chloride was quenched dropwise with anhydrous methanol (100 mL) at 0°C. 
The reaction mixture was treated with potassium carbonate and allowed to stir at room temperature for 3 h. Excess 
solvent was removed by rotary evaporation at reduced pressure and the residue dissolved in water. The aqueous 
solution was acidified to pH 8 and the resulting white precipitate was collected by filtration, washed with water (2 x 1 00 
mL) and dried to afford the product as an off-white solid (10.6 g, 83%). H 1 NMR (270 MHz CDCU) 6 1 0 07 (br s 1 H) 
7.26 (s.lHJ.^cs^H), 3.91 (s. 3H), 3.85 (s, 3H). ' 

1 \ 3 , -Bis(4-carboxy.2,6-dimethoxy-5-nitrophenoxy)propane (85) 

[0250] Diethylazidodicarboxylate (7. 19 g, 41 .3 mmol) was added dropwise over 0.5 hours to a cooled, stirred solution 
of the phenol 84 (10.61 g, 41.3 mmol) and TPP (16.24 g, 61.9 mmol) in anhydrous THF (100 mL), and allowed to stir 
for 1 h. A solution of 1 ,3-propanediol (1 .57g, 20.6 mmol) in THF (30 mL) was added dropwise and the reaction mixture 
allowed to stir for 16 h. The reaction mixture was then treated with IN aqueous NaOH (200 mL) and heated at reflux 
for 3 h. Excess solvent was removed by rotary evaporation under reduced pressure to afford an aqueous suspension 
which was extracted with EtOAc (3 x 300 mL). The aqueous extract was acidified with concentrated HCI and the 
precipitate collected by vacuum filtration. The precipitate was suspended in water (500 mL) and after stirring for 10 
minutes, the suspension was filtered to afford the product as an orange solid (6.11 g 60%) H 1 NMR (270 MHz CDCU) 

6 7.32 (s, 2H), 4.36 (t, 4H ( ), 3.92 (s, 6H), 3.90 (s, 6H), 2.20 (t, 2H). * 

(2S)-1 f 1'-[[(propane-1,3-diyl)dioxy]bis[2-nitro-3 T 5-dimethoxy-1 l 4-phenylene)carbonyl]]bis 
[2-(hydroxymethylpyrrolidine] (86) 

[0251] A catalytic amount of DMF (3 drops) was added to a solution of the acid 85 (6.1g, 12.4 mmol) and oxalyl 
chloride (2.37 mL, 3.45 g, 27.2 mmol) in anhydrous DCM (60 mL) and the reaction mixture allowed to stir at room 
temperature for 16 h. The resulting acid chloride was added dropwise over 0.5 hours to a stirred solution of TEA (6.26 
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4H). 3 41-3.27 (m, 4H), 2.23-2.12 (m, 2H), 2.11-1 72 (m. 8H). 

(2S)-1,r-n(propane-1,3-diy.)dioxy]bisl2. a mino.3. 5 -dim e thoxy-1 > 4- P heny.en B )c a rbonyl]lbis 
[2-(hydroxymethylpyrrolidinel (87) 

" [0252] ,^ WW »---^^t.^5^ 

- suss. r.7?r»^^ra - .^sr»i~ « « , «, ,, , 

3H). 3 83-3.46 (m. 14H), 2.20-2.13 (m, 2H), 1.97-1.66 (m, 8H). 

?o carbonyl)]bis[2-(hydroxymethy!pyrrolidtne](88) 

[0 2 53) A so.ution o, a. 2 ,2- lri c hl oroet hy ,c ht o r o f o rm aMMS gQ 6.6 mm*. 1 .9 

dropwise over the space of OS hours to . «**n o ^*J^!*^^ mix , ure was di.uted with DCM 
dry DCM (50 mL) and allowed to stir (or 16 hours at room ^P er *" ,c J™ ™ u and dried over anny drous 
. (2^00 mL) and washed with 1N HC. ,3 x 200 mL). H 2 0 ? m "a.e yo-low glass (1 .43 9 ). 

MgSO, Purification by (.ash chromatography (shea gel EtOAc) attorded th p ^ ^ g ^ ^ ^ ^ 

Hi NMR (270 MHz, CDCl 3 ) Rotamers 5 9.21 and 8.40 (2 x or s, o 
3 33-3.30 (m. 4H>, 2.04-1 .69 (m, 10H). 

1 2 310.11,11a-hexahydro-5H- P yrrolol2,1-cll1.4]benzod,a 2 ep.n-5-one. (89) 

to a stirredsolulion ol oxalyt chloride m DCM ( 7 ' 38mm0 \ 3 ^^% ^ ° J 63 mmol) n dry DCM (5m L) was added 
a, -45°C. After stirring for an additional 1 5 mmutes a sotut on o 88 £2 58 g 2 .63 « ry ^ e 
dropwise over 45 minutes at -45°C and stirred (or 45 minutes at -45 C . TEA ( .12g. 2 J tempera , U re, 
over 30 minutes and stirred for a further 1 5 minutes. The ™" 3 ™I) * ate' P * 100 mL >' brine 

Preparation of 10% Cd/Pb couple 

[02 5 5] Yellow ,ead oxide (litharge, 1 .8 g, 4, mmo.) was >f^?*™™™^ ^^""-SS 
L slowly added to a vigorous* stirred suspension o Cc dust ^JJ^^J^ „ 9 ere genUy broke n up with 

to storage and use. 

^-UPropane-l.^io^^ 
benzodiazepin-5-one. (90) 

m Cad— ad coup,e (3.8 mmo, Co, 0.47 g of CdVPb couple) was added t 0 . vjc 

B9 pie 9, 0, mmol) in THP (10 mL) and ,N NH OAc in v*cuo afforded me 

was diluted with DCM (1 50 mL) and dned over MgSO^^ mh 7 cDCW mixture of C11 /C1 V R/S carbinolamines 
productasayellow^ Hz), 4.38-3.54 (m. 22H), 

5 7.08 (s, 2H). 5.53 (br s. 2H), 5.38 (br s. 2H). 4.90 (d, 2H, J - 9 Hz). 4./» ia. 
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2.27-1.79 (m. 10H). MS (FAB) m/e (relative intensity) 594 (M+2, 27%). 593 (M+1, 69%) 
Example 3(b) : Synthesis of the C7-Methoxy PBD (96, DRH- 271) (see Figure 16) 
[0257] 



NteO 




N-(3-Methoxy-2-nrtrobenzoyl)pyrrolidin-2-methanol (92) 

[02581 A catalytic amount o. DMF (2 drops) was added to a stirred solution of 3-me.hoxy-2-nitro .benzoic acid 91 
5 01 g, 25.4 mmol) and oxalyl chloride (3.54 g, 27.9 mrr,o.) in dry CHCI 2 (50 mL) under a nitrogen aW^ert 
eaction mixture was allowed to stir overnight, before being used directly in the preparation ot 92. A so.ut.on of he ac d 
chloride in anhydrous CHCI 2 (50 mL) was added dropwise over 1 hour to a vigorously stirred solution ol pyrrohdmemeth- 
anoi 2.57 . 25.4 rnmol) and TEA ( 6.42 g, 63.6 mmol) in anhydrous CHC. 2 (50 mL) ^ Vf^^*^ 
0»C and allowed to stir overnight at room temperature. The reaction mixture was washed w,th IN MCI (1 x 100 m£ 
H 2 0(3x 100 mL)and brine (3 x 100 mL). The organic layer was dried over anhydrous MgS0 4 , and evaporat.on otthe 
solvent afforded a brown oil (6.37 g, 22.7 mmol, 89%). 

N-<2-Amino-3-Methoxybenzoyl)pyrro»idin-2-methanol(93) 

[0259] Hydrazine hydrate (4.37 g, 136.4 mmol) was added dropwise to a soiution o. 92 (6.37 g, 22.7 mmol) in gently 
e Lingme1hano.(100mL)overRaneyn^ 

after arjroxima.ety 10 minutes and the reaction was deemed to be comp.ete by TLC after 2 h. The react.cn m.xture 
was id through celite and the solvent evaporated. Drilled water (10C I mL) t ^^'^ 
aqueous mixture was extracted with E.OAc (3 x 100 mL) and washed with H 2 D (3 x 1 00 mL) and I bnne 3 x 1 00 mL) 
and dried over anhydrous MgSO<. Evaporation o( the solvent afforded a brown glass (5.49 g. 21 .8 mmol) as a stngle 
spot by TLC. 

N-ta-Methoxy^-W^^'^-trichloroethoxyJcarbonylaminobenzoyOpyrrolidin^-methanoUgA) 

[02601 A solution of 2 2 2-trichloroetnyl chloroformate (4.61 g, 21 .8 mmol) in distilled dichloromethane (50 mL) was 
«2£Z rover Odours to a stirred solution ot the substrate, 93 (5.46 g. 21.8 mmol) and anhy reus ; pyndme 
(3.44 g. 43 5 mmol) in distilled dichloromethane (100 mL) at O'C. The reaction ^^^JJS 
at which time TLC showed reaction to be complete. The reaction mixture was d.lu.ed w«h an hyc ^°" s DCM ^ ^ 
and washed with IN HCI (2 x 200 mL). H 2 0 (200 mL), brine (200 mL) and dr.ed over ^,Evapom ton 

of the solvent afforded a brown oil which was purified by flash column chromatography e ut.ng w.th EtOAc o afford the 
product as a yellow solid (6.14 g, 14.4 mmol); <H NMR (270 MHz, CDCI 3 ) 8 1 .75-2.25 (M l, (m 2H 3.8 

(s, 3H), 3.85-4.2 ,m, 2H), 4.40 (m, 1H). 4.73-4.86 (m, 2H>, 6.86-6.97 (m, 2H). 785 (br d, 

MHZ, CDCI3) 8 169.9. 155.6, 152.4, 128.2. 127.8, 123.6, 116.0, 113.0, 95.4. 74.4, 65.9. 60.9. 55.7. 51.0, 28.3, 24.9. 

(1 1 S,1 1aSH<M2',^2-4richloroe^ 
[2,1 -c][1 ,4]benzodiazepin-5-one(95) 

[0261] Anhydrous DMSO (3.14 g. 40.2 mmol) in dry DCM (25 mL) was added dropwise over ^ m jnutes to a s^ed 
soiution of oxalyl chloride (2.53 g, 9.96 mL of a 2 N solution in DCM) under a n.trogen atmosphere at -50 C. After 
S fo 5 minutes, the substr L 94 (6.03 g. 14.2 mmo.) in dry DCM (25 mL, was ^^^^jSS 
to.heLclionmixture.whichwasthenallowedtos,^^ 

Dry TEA (5.72 g, 56.64 mmol) was added dropwise to the mixture over 0.5 hours and « he ^~' X, " r ^ 8 ~° 
shr for a further 1 5 minutes. The reaction mixture was left to warm .0 room temperature and d,lu*d w th H 2 0 (1 00 mLV 
T he organic phase was washed with IN HCI (2 x 200 mL). H 2 Q (2 x 200 mL), brine (2 x 200 ml 
Inhydrous MgSO, The solvent was evaporated ,0 afford a yellow oil (6.68 g). The oil ^ "ft^^EJ 
tography with EtOAc as eluent to afford the product as a yellow solid (5.87 g, 1 3.9 mmol); 'H NMR (270 MHz, CDCy 
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14.2. 



7-methoxy-1,2,3/l1a^^^ 

[0262) 1 0% Cd/Pb couple (2.50 » 20 .mo, Cd) was added to a ^^^^ and after^ 2°h(^™TLC 
i mixture of THF (30 mL) and IN NH40Ac (30 ml_) 'n^uted w U h EtO Ac (Tb 0 mL) an d dried over anhydrous 

showed the reaction to be complete. The react-on ^J^^^^^ Jvenl by rotary evaporation 
MqS04. The solids were filtered and rinsed with BOAc (50 Removi al o» e 
under reduced pressure afforded the product as a yellow soi.d (0.84 g, 3.6 mmol. 90 /„) 



[0263] 



OMe 
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3-methoxy.2-(2\2\2-trichloroethoxycarbonylammo)benzoicacid(98) 

Ulo.omah.n, (30 mL). The ,es»» 9 m«lur e »a> o.ol.d »f J~ h °' '"^i „ C ,'„ N S0 m L ), w*o. (60 ml) 
was used in the next step without further punlcahon. 

N-(3.methoxy-2-(2-,2-.2--trich 1 oroethoxycarbonylammo)ben Z oyl)- P y"o )i d l ne-2-methano.( 9 9) 

l02651 Oxaly, chloride (0.57 mL.. ,53 nunc,) together with 2 * °f * ^^IZ^t 

product obtained from the previous reaction in *jn^«n « <^£J££L added drop wise, over 30 
ml xture was allowed to sti, at room temperature overn.gh '^^ re ™ TEA mL 1495 mmol) , n dry dichlo- 
m inutes to a solution o. 2S-( + )-pyrro.ic«ne me .hanol(a^ g was fluted with ethyl acetate (20 mL), 
romethane(20mL) at -16»C. Once couphng was comply the^ eac « x ^ ^ ^ The 

and washed with 1N HCI (2 x 25 mL), satd. a^ 8 " 8 "^ 

organic layer was .hen dried over MgS0 4 and evaporated to give yellow o*.l 1» c P ^ ^ 

chromatography (petroleum ether/ethyl acetate 50 50) f^^**^^ 3 . 86 (m , 4H); 4.22 (dd, J = 5.1, J 
d 16 - 1.8 ,m, 1H): 1 .81 - 2.0 (m. 2H), 2 .02 ^21 ^ <m 1H) 3.6 £ 2 ) ^ ^ ^ y g ^ d = 

= 12 3 HZ, 1H); 4.72 (d. J = 12 Hz, 1H); 4.79 (d, J = 12 Hz 1H , AM . im. J. V ^ J; 

7.5. J = 8.4 Hz, 1H); 7.36 (bs, 1H). «C NMB (67* MHz CDCy • 8 50. ,55.9 6^ ^ ^ ^ g 

111* 119.1. 122.3; 126.3; 132.9; 152.7; 170.3 IB N UJ ol).cm < JV 0 -^ 8 ^ ^ (30) . 276 (35 ), 245 (100). 176 

424.0359. lnF D = - 45.1° (C= 0.63. CHCI 3 ). 
pyrrolo [2,1-c][1 ; 4] benzodiazepin-5-one (100) 

pHSq A solution o» DMSO (0.46 ml. 6.63 mmol) in o, dry ^^X^ ^ZtZZ^Z 
Lutes to a so.ution oxaly. chloride (3.30 mmol) in f^^^iS^l^ was then added drop wise 
lo stir tor a further 30 minutes, a solution ot 99 (1 g. 2 37 mmol) in d,chloromethane i 
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over 1 hour Following the end of addition the mixture was allowed to stir at -45'C for 60 minutes, then a solut.on of 
TEA (1 31 mL) in dichloromethane [6 mL) was added drop wise and the mixture was atlowed to warm to room tem- 
perature. The reaction mixture was washed with water (50 mL), 1N HCl (2 x 25 mL), satd. aqueous NaHC0 3 (2 x 25 
mL) and brine (50 mL). The organic solution was dried over MgS0 4 and evaporated. The crude product was punted 
by flash chromatography (silica gel EtOAc/petroieum ether 1/1) to give a colourless oil (0.64 g, 63%): NMR (270 
MHz CDCU) 5 2.01 - 2.15 (m, 4H); 3.43 - 3.58 (m,2H); 3.73 (m, 2H);3.83 (s, 3H); 4.35 (d, J- 12, 1H) ; 4.98 (d, J. 
12 1HV 5 66 (dd J =3.8, J« 9.6 Hz, 1H); 7.02 (dd, J = 22, J~ 7.5 Hz. 1H); 7.35 (m, 2H). 13 C NMR (67.8 MHz, CDCI 3 ) 
5 23 0- 28 6 46 2 56 1; 59.9: 75.3; 86.2; 94.8; 113.4; 120.2; 123.1; 129.4; 134.9; 154.7; 156.4; 166.7. IR (NujoijW 
3291 2924 1724 1616 1580 1463, 131 8, 1278, 1075, 945, 812, 739. MS: m/e (relative intensity) 422 (M-1 , 40) : 387 
(3), 275 (10), 245 (15), 217 (10), 176 (100), 150 (8), 120 (6), 70 (95). HRMS Calculated for C^C^Hfi^ 422.0202. 
Found. 422.0203. [apV= + 136 5 ° ,! " 0 19 - CHCl 3>* 

(1 1 aS)-9-methoxy-1 ,2,3,1 1 a-tetrahydro-SH-py rrolo[2,1 -c][1 ,4]benzodiazepin-5-one (1 01 ) 

[0267] Finely ground Co7Pb couple (1 .02 g). was added in small portions to a stirred solution ot 100 (0.64 g, 1 .51 
mmol) in THF (10 mL) and 1 M NH 4 OAc (10 mL). The reaction was followed by TLC (EtOAc), when no more starting 
material was observed, the mixture was poured into ethyl acetate (200 mL). The organic phase was dried over MgS0 4 
and evaporated to yield the product as a pale yellow oil (0. 28 g. 80%); ^H NMR (270MHz, CDCl 3 ) 8 2.15 (m, 4H); 3.52 
(m 2H): 3.87 (s, 3K): 5.15 (m, 1H) ; 6.8 - 7.2 (m, 3H); 7.8 (d, J- 4.7 Hz, 1 H, imine H11). IR (Nujol): cm* 3373 2975 
1621 1576 1440 1419 1250, 1075, 750. MS: m/e (relative intensity) 230 (M + \ 100), 215 (45), 201 (20), 187(5). 160 
(5), 146 (4)! 133 (20), 105 (10).. 76 (25), 70 (45) : 63 (3), 51 (3). HRMS Calculated for C 13 H 14 N 2 0 2 : 230.1055. Found: 
230.1055. laJ 25 D - + 455.3° (c - 0.6, CHCI 3 ). 

Example 3(d) : Synthesis of the 7,8-Dimcthoxy PBD (106, AG /105)(sec Figure 18) 
[0268] 



MeO 



4,5-dimethoxy-2-(2\2\2Mrichloroethoxycarbonylamino)benzoic acid (103) 

[02691 A solution o( Troc-CI (0.76 ml. 5.56 mmol) in dry dichloromethane (1 0 mL) was added dropwise to 2-amino- 
4,5-dime.hoxybcnzoic acid 102 (1 g. S.lmmol) and pyridine (0.82 ml, 10.1 mmol) in dry dichloromethane (20 ml) at 0 C. 
The reaction mixture was allowed to stir overnight at room temperature and then washed with dilute HCl (IN, 2x25 
ml), water (2 x 25 ml) and brine (20 ml). The organic phase was dried over MgS0 4 and evaporated to y.eld of crude 
product (1 .6 g), which was used in the next step without further purification. 

N-(4,5-dimethoxy-2-(2",2-,2"-trlchloroethoxycarbonylamino)benzoyl)-pyrrolidine-2-methanol(104) 

r0270] Oxalyl chloride (0.38 mL, 4.33 mmol) was added to the crude Troc-protected anthranilic acid, prepared in the 
previous reaction, together with 2 drops of dry DMF in dry dichloromethane (30 mL). After initial strong *»"«cence. 
ihe mixture was allowed to stir a. room temperature overnight. The resulting acid chloride was ad ded dropw.se . over 
30 minutes, to a solution of 2S-( + )-pyrrol.dinemethanol (0.44 g, 4.33 mmol) and TEA (1.37 ml 9 .85 jnmoj io( dry 
dichloromethane (15 mL) at -16'C. The reaction mixture was diluted with ethyl acetate (20 mL . and washed wdh drtute 
HCl (1N 2 x 30 mL). said, aqueous NaHC0 3 (2 x 30 mL), water (30 mL) and brine (30 mL). The organ* layer was 
then dried over MgSO, and evaporated to give a yellow oil. The crude product was purified b> 
(petroleum ether/ethyl acetate = 50/50) to yield the product (1 .2 g, 70%) as a pale yellow o,h H NMR (270 MHz CDCy 
5 1 75 (m 2H)- 1.92 (m. 1H); 2.17 (m, 1H); 3.53 (m, 2H); 3.72 (m, 1H): 3.86 (s, 3H); 3.93 (s, 3H ), 4.19 (m. 1H) 4A3 
( m 1 H 4 77 d, J- 12 Hz, 1 H); 4.85 (d. J= 12 Hz. 1 H), 6.85 (s. 1 H); 7.69 (s, 1 H); 9.08 (bs, 1H). «C NMB I (67.8 ^MHz. 
CDCU) I * 25 1 28 2- 51.4; 56.0; 56.4; 60.8; 65.9; 74.4; 95.3; 104.7; 110.7; 116.3; 130.8; 144.4; 151.0; 152 1, 1 OA 
M f m/e (relative iniensity) 454 (M-1 i 5). 356 (3). 306 (10), 275 (5), 206 (100), 179 (15), 150 (10) 136 (3), 70 (45). 
HRMS Calculated for C 17 H 21 C 13 N 2 0 6 : 454.0465. Found; 454.0464.(aP 0 = - 72.2° (c= 0.18. CHCL,). 
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<11S,11aS).7,8^me«hoxy.11.hydro^^ 
pyrrolo [2,1-c][1 .4] benzodiazepin-5-one (105) 

,. 57%); 'H NMR (270 MHz, CDCI,) 8 2.04 (m, 2H); 2.11 (m. »*, 3 ^ "V^. "J „ a 

i\ 12 « i ,«» ^,48 6 150 8- 1545' 167 0. MS: m/e (relative intensity) 452 (M-1, 30), 424 (7), 

5 ^££12 oS JSfVoTS (10) 70 (100). HRMS Catenated tor C l7 H 19 C, 3 N 2 0, 452.0308. Pound: 
452.0309. |a| 25 0 = + 104.7° (c= 0.27, CHCI 3 ). 

( 11aS).7.8-dimethox y .1,2,3,11 a -tetr a hydro-5H-pyrrolol2J-cK1,4]benzodia Z epin^ 
" ,0272, Fine,y 9 round Cd/Pb coup, (3,2 9 ) -^g^S 'J^^i^iT^ F .S 

3.05 p. 1H ): 3.93 (., 3H); 3.96 (,. 3H); 6.82 ft 1H>. 7JH ft 1H> 7_68 ^ M < ,„ 

217 (10). 191 (20), 164 (25), 136 (20), 121 (5), 93 (8), 70 (10). HRMS Calculated for C 14 H 16 N 2 0 3 . 260.1160. Found. 
30 260.1161. (al* 5 D = + 10047° (c = 0.17, CHCy. 

ExamHte 3(e) ^ S ynthesis of the 6,7 *-Trimethoxv PBD (113, ORH-NA7) (see Figure 19 ) 



[0273] 



35 



40 




45 2 ? 3,4-Trimethoxy-6-nitrobenzoic acid (108) 

4 0 (3H.s), 3.95 (3H,s) t 3.90 (3H, s); «C NMR (67.8 MHz, CDC! 3 ) S 166.0, 153.2, 150.1. 147.79 ; 139.6, 120.8. 103.6, 
62.2.. 61.1 r 56.5; MS (El) m/z 258 .(M+1), 240, 214. 
N-(2-Nitro-4,5,6-trimethoxybenzoyl)pyrrolidine-2-inethano] (109) 

[0275] A catalytic quantity o. DMF (2 drops) was added to a stirred solution o. 108 (10 g. 38.9 mmol) and oxalyl 



SO 
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10 



15 



20 



25 



30 



35 



chloride (5.87 g. 46, .mo.) in dry CHC, 2 (1 00 mender . nitrogen ™ 
,o stir overnight, and the product was used d.rectfy ,n the nex tege ofth e reacfto »J he newly 
wasaddeddropwisetoas,^ 

mL, 9.8 g. 97.0 mmol) in anhydrous DCM (50 mL) a 0 C unde r n irog 1N ^ 

mixture was lett to warm to room temperature and lefUo (M«jS0 4 ) and the solvent 
C10OmL),wa,er(100mL), = ^ 

was removed rnracuo to afford 109 (12.1 g, 91*) as a Paieyeno / 975,922,849,822, 
0.1 . DCM); IR (neat) 3400. 3105, 2947, 2878, 1652, HI .1688. « <• 13JJ ™;"g™*„ (3H » 4.03 (3H, 
792, 758. 733, 646 cm- * NMR (270 MHz, CDC, ) ,5739 1H, s) 4.46 2H ^93^). 4^,^ ^ 

ireX^L 3 ^ 

24.3; MS (El) m/z 341 (M+1). 324, 309, 293. 277, 264, 254. 

N-<2-Amlno-4,5,6-trimethoxybenzoyl)pyrrolidine methanol (110) 

. ,c S 7„i779 mmol, was added dropwise to a solution of 109 (12.1 g, 35.47 mmol) In 
[0276] Hydrazine hydrate (5.67 g, 177.2 mmol) was MOM arop ^ ^ n 

gently retluxing melhanol (142 mL) over Raney nickel (3.45 g, slu '^be re "" g complete by TLC atte. 3 h. The 
gas subsided after approximate* 10 minutes and the Sj was added to the 

reaction mixture was tillered through celile and the solvent - a P°^ ° ^ 'cabined organic phase washed with 
residue, and the aqueous mixture was extracted w.th DCM ( x 100 mL) , and the comb g solvent afforded 110 
H 2 Q (3 x 100 mL, and brine (3 x 100 mL) and dne < ^J^£ 5 °« oc^ Tr neat) C 3355, 2940, 2879. 
(1 1 .24 g) as a yellow oil. R,- 0.14 (s.l.ca. EtOAc), M** 0 ■ - +100 (c o .1 . J . I NMR 
2843, 1614, 1498, 1463, 1428, 1410. 1365. 1339, 1240 1199 1123 1078 1039. 997, 915 817 
(270MHz.CDCy56.10<1H.s).4.37<2H,d,J-3^ 

N.(2-[2-.2-.2--Tr i ch.oroethox y c a rbony. a rT,inol-4,5.6.t,im e thoxyben Z oy»)pyrro.idine-2. m ethano.(111) 
[0277, A stirred solution of 110 ,11 .24 * 36, 

was treated dropwise with 2.2,24richloroethylchlor^ormate (5 mL. W IQ. M-Bmnj ^> J was 

atmosphere a, 0°C. One hour ^^^^^^T^lSmL) anddried (MgSO.).The 
with DCM (100 mL) and washed w.th IN HCI (100 mL). watery "J* ' _ BOAc) IR (nea , 

seven, was removed ft, vacuo to afford 111 (154 j i«H| » - J" ^ £ 4; NMR \ 270 MHz, 

cor' 3437, 2948, 1738, 1628, 1497, 458 1422. 1397 1238 1115 027. MB 82 ?g ^ () 

DMSO) 5 6.82 (1H, s), 5.06 (2H, s). 4.04 (2H d J = 6.83 Hz). 3_85 , (3HL s), 3.B4 (J ), ^ 
2.00-1 .97 (2H. m), 1 96-1.88 (2H, m) "C NMR MH . D ^ VTu Zci Sn 484.0571 . lound 484.0944. 
73.9, 61 .4, 60.9, 58.7, 66.2, 47.9, 27.5. 23.7; HRMS (FAB) calcd for C 18 H 23 N 2 0 7 Cl3 (M ) 

benzodiazepin-5-one (112) 

[0278 ) A solut.cn o, oxaly. chtortde in DCM (22.3 mL o, a 2N 

mL) a! - 45"C was treated dropwise with a solut.on of anhydrous OWO ^ 0 ™ > ^ ^ g 
» (16 24 mL) over a period of 15 minutes. The ^f""—*™^ (17.7 
solution of 111 (15.44 g, 31 .7 mmol) in dry DCM (34.3 mL and Stir red at 45 , C for 45 m Y ^ ^ 

mL, 127.1 mmol) was added dropwise to the reaction "^^^^1^ (100 mL). The organic 
minutes. The reaction mixture was allowed to warm to room Jh l reac ,ion mixture was 

,ayer was washed with IN HCI (200 mL). water (200 mL) bnne (2 0 mL) and dntd (MgSO^ & ^ 

» evaporated and puritied by flash column chrom W^^" .^JS 2979, 2943. 2885. 1732, 
yellow glass: R,» 0.48 (silica. EtOAc); j+W <c <MS. DCM). J <nea» cm 3262 ^ 
1613. 1493. 1456, 1399, 1372. 1334. 1299, 1264, 244 1201. 11 1 8 * 1 0 ^ ° *' H d Jm 9 .78 Hz ). 4.15-4.00 
693. 624; -H NMR (270 MHz. CDCI3) 6 6.64 (1H, ^(1^ \l 2 17 2 14 2H m). 2.14-2.10 (2H, m). «C 
(1H, m). 3.95 (3H, s), 3.91 (3H, .). 3.90 (3H. s). 3.77 (2H. ) , 3.55 1H t) 217 2_1 ( H. J- 6Q 48 

(67.8 MHz, CDCI3) 5 1 63.49, 154.32, 152.30, 142.69, 12951 121 .16 1 CMS 95 .20^85 
, 45 56 28 44,22 85:MS(El)m/z485(M + 1). 467,398. 384. 350. 291 : 254. 236. 222. 194, 131.1 



55 NMR 
56.09 
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m 10% Cd/Pb couple (2.57 «, 20.6 mmo. Co} was ^« 
20 mL) and 1N NH 4 OAc buffer (20 mL) and left at room W^JJ ^ with brine (2 x 100 mL) and dried 
EtOAc 200 mU and washed with water (2 x 100 <^^?S^ a ye llow glass: R,= 0.1 (silica, EtOAc); 
(Mg S0 4 ). The solvent was removed In vacuo to , gve 113 ^ *J a V B ^ ^ ^ 
al^ 7 n-+505° (c-0.1, DCM); IR (neat) cm 1 3339,2976 2939, lb , (1H,s).6.14 1H, 

I* 1°05 2: 103s! 1000, 926, 804, 751. J^^^ £ m) 2,6-2.23 (2H, m). 

d, J. 8.24 HZ), 4.36 (1H. d J- B.79 Hz J «1 (3H S * ^Lal »-120B. 

2.16-1.93 (2H,m);HRMS (FAB) catcd lor C 15 H ie N 2 0 4 (M+i) 



i : Synthesis of the T^gjnr^^ 



qure 20) 



15 



[0280] 



OMo 

MoO' 




25 



30 



35 



40 



3,4,5.Trimethoxy-2-nitrobenzote acid (115) 



n MeOH (357 mL). The mixture was heated a. reflux » ^"J^^^ t0 pH l with concentrated HCI, and 
wnich was dissolved in H 2 Q (200 mL) The resu ^^^SS^ mL). brine (3 x 100 mL) and dried 
extracted with CHCI, (3 x 100 mL). The organic layer was JJ-JJ^J 1 whl1e cfystalline so ,id (20.67 g. 80.4 
over anhydrous MgS0 4 . Filtration and evaporahon ot the ^solvent aflord p & ^ 

mmol) 'H NMR (270 MHz, CDCI 3 ) 6 3.9 (s, 3H), 4.0 (s, 3H). 4.1 (a, 3H), 



N^-Nrtro-3,4,5-trimethoxybenzoyl)pyrfoHdine-2-methanol(116) 



[02 82J Acatalytfc amount o, DMF (2 drops) was added to a f^^^^Z^'Ti 
chloride (1.40 g, 11 mmo.) in dry <*&^.^£XZ*!£^ CH 2 CI 2 (40 mL) was added drop- 
overnight, the resulting solution o. the and c londe^ ^ 9- ^« (1 11 g. 11 mmol) and TEA (2.52 g. 25 mmol) 
w *e over 1 hour ,o a vigorous* stirred f^^^^Z allowed to stir overnight at room temperature^ 
in anhydrous CH 2 CI 2 (40 mL) under a n.troge ( atmosphere at 0 C a y ^ ^ and brj (3 x 50 

The reactton mixture was washed wnh N H^ 

ro^OH^ 



N .(2-Amino-3,4,5-t,imethoxyben Z o y l)pyrroHdine-2.methano.(117) 



50 



55 



[02 83, Hydrazine hydrate (133 mL. 4V5 vigorous W 

'methanol (142 mL) gently re.tuxing over Raney n,cke. (5M hjj ^ bc 3 completo by TLC after 2 h. The 

qaS subsided after approximately 10 mmu.es and the ^ZZm Distilled water (100 mL) was added to the 

Lotion mixture was littered through oe.ite - -mbinod organic phase washed 

residue, and the aqueous mixture was extracted w.th EtOAc (3 xuwm , Uon 0 , , he solvent afforded 
i H 2 0 (3 x 100 mL) and bhne (3 x 100 mL) a^ dned 3H ), 2.1-2.2 (m, 1H) 3.4 -3.7 

tha product (2.18 g. 6.5 mmol) as a brown oil: 1 H ^ R (270 MHz, 3) ^ ^ (M ^ 5 
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N-2-<Trichloroethoxycarbonylamino)-3,4,5-trimethoxybenzoyl)pyrrolldine-2-methanol (118) 

[0284] A solution of 2.2.2-trichloroethylchloroformate (1 .37 g, 6.5 mmol) in distilled dichloromethane (40 mL) was 
added dropwise over 0.5 hours to a solution of anhydrous pyridine (0.93 g, 11.8 mmol) and the substrate. 117 (1.82 
q 5 9 mmol) in distilled dichloromethane (60 mL) at 0<C. After 1 .5 h. the reaction mixture was diluted with anhydrous 
DCM (1 00 mL) and washed with 1 N HCI (2 x 100mL). H 2 0 (100 mL), brine (100 mL) and dried over anhydrous MgSO,. 
Evaporation of the solvent yielded a brown oil which was purified by flash column chromatography elutmg wrth 1% 
MeOH/ 99% CHCU to afford the product as a yellow oil (1 .83 g, 3.8 mmol): 1 H NMR (270 MHz, CDCI 3 ) 5 1 .6-1 .9 (m, 
3H) 2 1 -2 2 (m 1H) 3.3-3 6 (m, 2H), 3.6-3.85 (m, 2H), 3.8-3.9 (m, 9H), 4.2-4.3 (m, 1H), 4 7-4.8 (br s. 1 H), 4.8 (s, 2H), 
6.6 (s, 1 H); 13CNMR (67.8 MHz, CDCI 3 ) 5 1 69.9, 153.2, 151 .9, 143.1 , 128.5, 120.1. 105.2. 95.3, 74.6, 66.3, 61 .2. 61 .2, 
61 0.56.3, 50.6. 28.7, 24.6. 

(11 S,11aS)7,8,9-trimethoxy-11-hydroxy-10-N-(2',2',2'-trichloroethoxycarbonyl)-1, 2,3,10,1 1,11a-hexahydro-5H- 
pyrrolo[2,1-c][1,4J benzodiazepin-5-one (119) 

(02851 Anhydrous DMSO (3.15 mL, 44.3 mmol) in dry DCM (8.2 mL) was added dropwise over 20 minutes to a stirred 
solution of oxalyl chloride (2.79 g. 11 .0 mL of a 2N solution in DCM; 22.0 mmol) in dry DCM (20.6 mL) under an Inert 
atmosphere at -45»C (varied between -38' and -48°C). After stirring for 1 5 minutes, the substrate (7.59 g ; 15.6 mmol) 
in dry DCM (1 7 mL) was added dropwise over 45 minutes to the reaction mixture, which was then stirred for a further 
45 minutes at -45°C after the final addition of the substrate. Dry TEA (4.84 g, 48.0 mmol, 4 eq) was added dropwise 
lo the mixture over 0.5 hours and stirred for a further 15 minutes. The reaction mixture was allowed to warm to room 
temperature and the reaction mixture diluted with H a O (80 mL). The organic phase was separated, washed with bnne 
(2 x 100 mL) and dried over anhydrous MgS0 4 . The solvent was evaporated to afford the product as an off white solid 
(4 39 q 9 1 mmol): i H NMR (270 MHz, CDCI 3 ) S 1 .95-2.2 (m, 4H), 3.4-3.8 (m, 2H). 3.8-3.9 (m. 9H), 4.05 (d. 1 H). 4.6-4* 
(dd, 2H). 5.6-5.7 (q. 1H). 7.1 (s, 1H); 13C NMR (CDCf,) rotamers 5 166.7, 166.5, 155.2, 153.5, 153.3 160.0. ^144.5. 
129.5. 129.0, 121.7, 106.4. 106.2, 94.6, 86.1 , 85.9. 75.7 75.2, 61 .5, 61 .3, 60.9, 60.1 59.8. 56.2, 56.1 , 46.5. 46.3, 28.7, 
28.6. 23.0. 

7,8,9-Trimeihoxy.1,2.3,11a-tetrahydro-5H-pyrrolo[2,1-cH1,4lbenzodiazepin-5-one(120, DRH-69) 

f02861 1 0% Cd/Pb couple (1 .25 g. 1 0 mmol Cd) was added to a rapidly stirring solution of the Troc-carbamate. 119 
1 .00 g. 2. 1 mmol) in a mixture of THF (1 3 mL) and IN NH.OAc (8 mL). Upon addition, the reaction mixture we"t doudy. 
Afler 40 minutes, TLC showed the reaction to be complete and the reaction mixture was diluted wrth E OAc (200 mL). 
The solution was dried over anhydrous MgSO, and the solids were filtered and rinsed with E.OAc (50 mil Evaporation 
of the solvent yielded the product as a yellow glass (0.581 g, 2.0 mmol). 1 H NMR (270 MHz, CDCI 3 ) 8 7.73 (d, 1H, J 
- 4.57 Hz). 7.08 (s, 1H), 4.0-3.4 (m, 12H), 2.4-1.8 (m,4H) 

Example 3(g) : 8-Hvdroxv-7.9-dimethoxv-13,3.11a -tetrahvdropvr ro lor2,1-clp.41benzodiazepin-5-one (130, 

DRH-168) (see Figure 21) 

Methyl 4-hydroxy-3,5-dimethoxybenzoate (121) 

[0287) Concentrated sulphuricacid (3 mL), was added dropwise to a solution of 81 (20.24g, 102.1 mmo.) in ref.uxing 
methanol (70 mL). The reaction mixture was heated at rellux for a further 5 hours and then cooled to ^room tempe raUue 
and concentrated to a third of its original volume. The concentrate was poured onto crushed ice (c 1 50 "^aHowed 
to stand for 30 minutes. The aqueous mixture was extracted with ethyl acetate (3 x 1 00 mL) and the coined I organs 
phase washed with distilled water (3 x 100 mL), brine (3 * 100 mL) and dried ovei anhydrous MgSO, ^moval el 
Less solvent under reduced pressure afforded the product as a yellow solid, 1 21 (18.39 g 86. 'mmol; 'H NMR (270 
MHz, CDCI 3 ) 5 3.9 (s, 3H), 3.95 (s. 3H). 3.975 (s. 3H), 6.1 (s. 1H), 7.3 (s, 2H); <*C NMR (67.8 MHz, CDCI 3 ) o 166.9, 
146.6,139.2, 121.0. 106.6, 56.4,52.1. 

Methyl 4-Benzyloxy-3,5-dimethoxybenzoate (122) 

[0288) Benzyl chloride (11 .04 g, 86.9 mmol) was added to a stirred solution ol 121 (19.22 g. 90.8 mmol) over K 2 C0 3 
6 59 q 47 7 mmol) in anhydrous MeOH (175 mL) and the mixture was heated a. reflux for 12 h. Excess solvent was 
leaved under reduced pressure and the residue was extracted with benzene (3 x 100 mL). The organic tayer was 
washed with H 2 0 (3 x 100 mL), brine (3 x 100 mL) and dried over anhydrous MgSO,. Evapo.at.on ol the solvent 
Ifforded an orange oil which crystallised on standing. The solid was redissofved in EtOAc. and bnefly washed w.th 1N 
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NaOH (100 mL) H 2 G (100 mL). brine (100 mL) and dried over MgS0 4 . Evaporation of ^cess solvent yielded I the 
pSl as a ye!ow 2 so,id 122 (19.20 g, 63.6 mmol): 'H NMR (270 MHz, CDCI 3 ) 6 3 J > (s 3H . « ft « « 
5 1 (s, 2H), 7.3-7.5 (m, 7H); «C NMR (67.8 MHz. CDCI 3 ) 5 166.7. 153.2, 140.8, 137.3, 128.7, 128.6, 128.4, 128.4, 
128.2, 128.0, 127.7, 125.3, 106.7, 74.9, 56.1, 52.2. 

Methyl 2-nitro-4.benzyloxy-3,5-dtmethoxybenzoate (123) 

[02891 Finely ground copper nitrate (Cu(N0 3 ) 2 , 14.79 g, 78.7 mmol) was added portionwise to a «*™**J^ 
SSn o. .Tsubstrate (5.00 g, 62.9 mmol) in ace,* anhydride (120 mL) ^Jf^ ~ ^e w" 
below 40"C. The reaction mixture was stirred for 1 hour and then poured over ,ce (800 mL) ; ™ "J" 1 ^ 
,e.l to stir .or 1 hour and the product collected by filtration to afford a yellow so W); »H NMB(27J MHz W« 
5 3 85 (s, 3H), 3.95 (s, 3H). 3.96 (s. 3H), 5.19 (s. 2H). 7.3-7.5 (m, 6H); «C NMR (67.8 MHz, CDCI 3 ) 8 1 63.2, 154.3, 
146.0, 145 2, 136.2, 128.7, 128.5, 128.4, 128.3, 117.8, 108.52, 75.5,62.7. 56.5, 53.0. 

2-Nitro-4-benzyloxy-3,5-dimethoxybenzoic acid (124) 

(02901 Potassium hydroxide (10.84 g, 193.6 mmol) was added to a stirred solution ( 

L., anhvdrous methanol (220 mL) and the reaction mixture heated at reflux for 2 h. The reaction mixture was 
Ze<^ , TIT! Nidified lo P H2 with IN HC. and extracted with chloroform (3 x 100 mL). The combmed organ,c 
S water (3' x 200 mL), brine (3 x 200 mL) and dried over ^^^-.^^ 
by rotary evaporation under reduced pressure alforded the product as a yellow sohci (17.01 g. 51.1 mmol, 95/.), H 
NMR (270 MHz, CDCI 3 ) 5 3.9 (br s, 3H), 3.9 (br s, 3H), 5.1 (br s, 2H). 7.2-7.5 (m, 6H). 

N-(4-Bcnzyloxy-3,5-dimethoxy-2-nitrobenzoyl)pyrrolidine-2-mcthanol (125) 

10291] A catalytic amount of DMF (5 drops) was added ,0 a stirred solution of 124 **»*^J?JZ» 

oxv-2-nitro-benzoy, chloride in anhydrous CH 3 CN (115 mL) was aaaea aropwi^ u nrM Mn n mM 

o, pyrrolidine methanol (3.34 g. 33.03 mmol, 1.1.q} and TEA (7.58 g 75.1 mmol. 2.5 eq m "JJ^™^ ^ 
a, 0»C under a nitrogen atmosphere and the reaction mixture was allowed to shr over^g h. a Uoom ™ 
reaclion mixture was washed with IN HCI (2 x 100 mL), and the organ* layer was jwa (8 7 q 

mL), bnne (2 x 100 mL) and dried over anhydrous MgS0 4 . (s 

?^.3 136 4J36.0 129.0, 128.5, 128.4, 104.8, 75.6, 65.7. 62.8. 61 .4, 56.6, 50.2, 28.3, 24.5. 
N-(2-Amino-4-Benzyloxy-3.5-dimethoxybenzoyl)pyrrolidine-2-methanol(126) 

[0292] Hydrazine hydrate (2.31 g. 72.2 mmol) was added dropwise to a solution of 125 W9£^££ 
ano,<60mL) g en,,yreLingoverRane y nicKe.(1.1g.s^ 

after approximately 10 minutes and the reaction was deemed to be complete by TLC after 2 ^ The reactron m 
was liltered through celi.e and .he solvent evaporated. Distilled water (100 mL) ^^^'^ .™ 
^eous mixture was extracted with EtOAc (3 x 100 mL) and the combined organ. ^^^^^ 
ml) and brine (3 x 100 mL) and dried over anhydrous MgSQ 4 . Evaporation o. the solver i , Horde J «he Produc as 



14.2. 



N .(4-Benzy.oxy-3 > 5-dimethoxy-2-[(2'-t ri methy.s i .y.ethox y )carbony I am i no[benzoy.)pyrro.id i ne-2-methano. 



(127) 



[0293, A solution o, anhydrous pyridine ,0.21 g. 2.6 mmol) in anhydrous DCM (1 C 1 mL) was added dropwje . over 1 5 
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75 



20 



25 



temperature, diluted with anhydrous DCM (100 mL). washed with IN HCI (3 x 100 mL) H 2 0 (3 x 100 mL). bnne 3 £ 
100 mL) and dried over anhydrous MgS0 4 . Fi.trat.on and evaporation of the solven voided the , product as a colourless 
giass (1.43 g. 2.7 mmol. 53%): i H NMR (270 MHz, CDCI 3 ) 5 -0.05 (s, 9H), ^f-^^^Jf^ ?J 
3 32-3 54 (m 2H) 3 74-3.88 (m. 8H). 4.05-4.22 (m, 3H). 4.69 (br s, 1H), 4.97 (s, 2H), 6.57 (s. 1H), 6.64 (br s 1H). 
7 23-7.S S;5J«C NMR (^8 MH Z , CDCI 3 ) 5 170.1, 155.1 , 151.4, 148.1 , 142.0. 137.1, 128.4, 128.3, 128.1 , 121 .2, 

105.6, 75.3, 66.1 . 64.0, 61 .3, 61 .0, 56.3, 50.6, 28.7, 24.7, 17.6, -1 .5. 

(1 1 S.1 1 aS)-8-benzy loxy-7,9-dimethoxy-1 1 -hydroxy-1 0-N-(2-trimethylsHy lethoxycarbony ,2,3,10,1 1 ,1 1a- 
hexahydro-5H-pyrrolo[2,1-cJ[1,4] benzodiazepin-5-one. (128) 

t02941 Anhydrous DMSO (0.57 g, 7.2 mrnol) in dry DCM (5 mL) was added dropwise over 30 a stilTea 

En oToxaly. chloride (0 46 g .3.6 mmo.) in dry DCM (5 ml) under a nitrogen atmosphere at 
tor 15 minutes the substrate (1.35 g. 2.6 mmol) in dry DCM (15 mL) was added dropwise over 45 m.nutes to the 
eacton—, which was then stirred <or a further 45 minutes a, -45'C. TEA (1 ^ 

to the mixture over 0.5 hours and stirred tor a further 15 minutes. The react.on mixture was lett Ac warn to room 
temperature and diluted with H 2 C (100 mL) and the phases separated. The organic phase was washed wrt* IN HQ 
STso mU water (3 x 50 mL). brine (3 x 50 mL) and dried over MgSD 4 . Filtration and evaporat.on of excess solvent 
ffrd^ 

(m 2H) 2 06-2.23 (m, 4H). 3.46-3.64 (m. 2H), 3.75-4.02 (m,7H), 4.11-4.27 (m, 2H), 5.13 (s. 2H), 5^65 (d IH. J- 071 
Hz) 7.11 (s. 1H), 7.34-7.54 (m, 5H); «C NMR (67.8 MHz, CDC, 3 ) 6 166.8, 157.2, 158.1 «M 143A 1371. 129.2. 
128.4. 128.3, 128.3. 128.1, 123.0, 106.2, 85.7, 75 0, 64.7, 61.7, 59.8, 56.1. 46.4, 28.6, 23.0, 17.5, -1.5, -1.6. 

(11S,11aS)-8,11-dihydroxy-7,9-dimcthoxy-10-N-(2Mrimethylsilylcthoxycart > onyl)-1,2.3,10,11,11a-hex a hydro. 

5H-pyrrolo[2,1-c|[1,4] benzodiazepin-5-one(129) 

(02951 1 0% Pd/C catalyst (0.22 g) was added to a solution of the substrate 128 (0.95g, 2.1 mrnol) in absolute EtOH 
™ mL) The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 ps. H 2 for 1 8 h. The 
e ^ 

pad to dry out. Removal of excess solvent afforded the product as a colourless glass { 0.M ^ V9 " " M R 

?270 MhI CDC.3) 5 0.07 (s. 9H). 0.91-0.97 (m, 2H). 2.07-2.20 (m.4H). 
H, J= 9.71 H 2 ) 6.26 (br s, IH), 7.14 (s. IH); <3 C NMR (CDCfe) 5 167.0 157.3, 458, 43.4 141^3 124.9, 123.5. 
105.5, 105.2, 85 8, 64.8. 64.6. 64.5 61.2, 60.0,56.4, 46.4, 28.9,28.7, 23.1, 23.0, 17.3, - 1.3.-1.5, -1.7. 

7.9-dimethoxy-8-Hydroxy-1 ,2,3.1 1a-tetrahydropyrrolo[2,1-cl[1 ,4]benzodiazepin-2-one (130) 

(02961 A solution of TBAF in THF (4.3 mL of a IN solution. 4.3 mmol) was added to a rapidly stirred solution of 129 
o 37 a 0 9 mil) in THF (10 mL) and the reaction mixture heated to 35»C tor 2 h. The reacbon m.xture was d,luted 
with E?OAc (To mL dried over anhydrous MgSC 4 , filtered and removal of excess solvent by rotary evaporator .under 
£fS£ZH affordedlhe prodL as a brown oil (0.18 g O^mo, 78%). ^^^^ 
S carbinolamine methyl ethers 6 7.08 (s, 1H), 4.43 (d, 1H, J = 8.79 Hz), 4.05-3.23 (m. 12H), 2.3 1.48 (m. 4H). 

Examples 3(h) to (j) : Synthesis of 7-Phe nvl PBDs (See Figure 22) 

S ynthesis t the Modo-N10-Troc-PBD Intermediate (134, AG/91) 
5-lodo-2-(2\2',2'-trichloroethoxycarbonylamlno)benzolc acid (132) 

r02971 A solution of Troc-CI (2.88 mL, 20.9 mmot) in dry dich.orome.hane (20 mL) was added drop wise to a solution 
5 Ldoanmlanilic acid 131 (5 g, 19 mmol) and pyridine (3, mL, 38 ^^^S^T^^ 
The solution was stirred for 5 hours at room temperature and then washed w.th 1 N HCI (2 x 25 mL), water (1 xj* mL) 

sdisrj* (»•' a. 2s» «* "<»>■ 218 ' 27 >- hms c, ^ M °" - c '" h ' c, » ino - 

436.8485. Found: 436.8485. 



72 



EP1 193 270 A2 



w 



15 



25 



30 



■ ~ „f in ul n Q 1 mmol) in dry dichloromethane 

[0 2981 Oxa.y.c h .ondc(0^^ 

50 1). followed by 3-4 drops of DMF as ca ^ ^2^1*^4 drop wise, over 1 hour, to a so.ut.on o 
hen used directly in the next step. The newly formed acid chlor de was ao , e P dlchlorome thane (50 mL) 

2 |-W !pyrro. W .neme»hano. (1.01 g, 10mmo.) ^"*^^%&ZZL then washed with dilute HC. 
af-20-C The reaction mixture was allowed to stir lor a ^^^^.TheenKlapnKlurttmSHl^ 
( N 2 x 50 mL). water (50 mL) and brine (50 mL). dned wr J^ 8 *^ (3 . 8 g , 8 1%): iH NMR (CDCI3, DMSO- 
Khcolum,! chromatography to atlordthe^ 

° S1 77 . 2 28 (m 4H); 3.48 (bs, 2H); 3.7 (dd, J= 11 .4, J- 6.2^1H), J » t . b 1H) 13 C NMR (CDCI 3 , 

DMSO-d R ) 8 25.0. 28.1 . 51 .2, 60.7. 65.3. 74.5, 86 .1, »W ■ «. ^ (re | aVlve intensity) 522 (M* , 

cm-^415. 3215, 1745 : 1605, 1527. 14£ 1377 J 22 . ^JOBJ « » ^ g16 ^ 83 (15) , 70 

3), 521 (M 4 ', D, 520 (M**, 3). 491 (3 ,49 > 0). 48 9 (3 . 372 (J. MM^ ^ ^ 

(100). HRMS Calculated tor C n5 H 16 CI 3 IN 2 04- ^ 

u 5 31011 11a-hexahydro-5H-pyrro!ol2,1-cl [1,4] 

7-lodo-10-N-(2',2\2-thch!oroethoxycarbonyl)-1.2,3,10,1l,na- 

benzodiazepin-5-one (134) 

l0299] A solution of DMSO (1 .79 mL. 25.67 hiororr^hanT^ 1 '^n^-)^ - n 45 0 ^^'e^ x ^^ e *^^''° ,1 ''^ 

o a solution of oxalyl chloride (12.8 mmol) ,n dry d cMor n dry dicWor omethane (80 mL), keep.ng 
slir «or 25 minutesand then treated withaso.ut.on 133(4.78 ^^^ 9 ^ ^^ ^^ (5.! mL) in of dichloromethane 
temperature below 40-C. After further 60 minute^ £45 C^sotuUo The organic pnase gashed 

(2S mL) was added, and the reaction mixture allowed to warm to k m a()orded , n0 crude 

£ water ,180 mL). dilute HC, (1N. 2 « 100 ^.^SS^JX^n 70/30) ,o give o, a pale yellow oil 
product which was purified by flash chromatography ( o h t acetat e£ e ^ 1 H) . 4 19 (bs 1H) 

(3 6 q 76%): 1 H NMR (270 MHz, CDCI 3 ) S 2.02-2 .15 ^ AH )_ 3 *J 3J ? \ ' (£) J= 83 Hz . 1H); 7.79 (dd. J= 8.3. J 
28 %, J- 12 Hz. IH). 5.17 <d, J= 12 Hz. 1H),^> "^"U 59 6 75.1 . 86.0. 93.2, 94.8, 132.0. 133.6. 
2 2 Hz 1HV 8 10 (d, J= 2.2 Hz, 1H). '*C NMR (CDCI 3 ) 1 5 £ 1.0. M J* ^ 1075 720 . MS; m/e 

l£ 0 37^' 140.1 !. 184.1. 165.2. ,R (Nujol): cm- ^^^M MPIKI^^W 
(relative^ 

HRMS Calculated lor CsH^CbH^CV 519.90-*>- i-ou 
[03001 



40 



J5 



SO 




55 



1 231011 11a-hexahydro-5-H-pyrrolo[2 ) 1-cl[1,4l 
7-Phen y l-10-N-(2-,2',2'-trlchloroethoxycarbonyl)-1,2.3,10,11.l 

benzodiazepin-5-one(135) 

■h ift m n 1 22 mmol), Pd(PPh 3 ) 4 and anhydrous 
(03011 A suspension of 134 (0.5 g, 1 .0 mmol), ben ^ eb f^ an ( d et ^ n ol (2 mL) was heated at reflux overnight. 
Na ci 3 (0.16 9 P 148mmo.) *^^^~*££SSZ water (2 x 20 mL).The organic phase 
The reaction mixture was diluted with ethyl acetate (20 ^L) and ™ ((ash cnromatograp hy (ethyl acetate/ 

was dried over MgS0 4 and evaporated to yield a crude yellow oil. PU ^ MH2, CDCI 3 ) 5 1 .98.2^09 

ether 3 9 0/70 4 ,o 70/30) Jl- 12.1 H«. 1>* 4.73 (d. J - 44*. 1* = 

(m 2H); 2.12-2.15 (m, 2H). 3.51-3.62 (m. 2H); 3 .7-3.79 (m, IH). J() (m 3H); 8 0 2 (d J = 

5 IB (d J = 12.1 Hz. 1H); 5.66-5.73 (dd, J = 4.8, J- 9i ^z, 1H), 7.33^ J ■ k t 12 8.9; 129.6; 130^8. 

2 2H 1H) 13CNMR(CDCI3)522.9.28.7,46.4;598; ^^^^o) 2« PS).222(1«»). ^t 1 ^ 

132^33.5;139.2;14f,;1544;1669 d MS^ 

(35), 140(10), 70 (70). HRMS Calculated for C 21 H 19 C,3N 2 u 4 



73 



EP 1 193 270 A2 



w 



15 



CHCi 3 ). 

(11aS)-7.PhenyM,2,3,11a4etrabydro-5H.pyrrolo[2,1.c)l1,4] benzodiazepin-5-one (IK. AG/129) 

276.1261. Found: 276.1262. (afV + 131.4" (c= 0.19, CHCI 3 ). 

Figm ple MB : Synthesis .rtth ejjgjtethgg^^ ( 138, Ag ngS} 



[03041 




5H-pyrrolo[2,1-cH1 ,4]benzodiazepin-5-one (137) 

Na 2 C0 3 (0.16 9 . 1 48 mmo.) were healed at ^-^^^™t^*^J^ waler (2 x 20 ml). 

The organic phase was dried over MgSO, and evaporated to V""""* yeBow o _ mie 
raphv?e 1 h,ace,,e / pe r ^ 
35 (m,4H); 3.54-3.63 (m.2H); 3.71-3.79 (m, - " ' '• . ( _ 88Hz 2H) 7.37 (d, J- 8.2 Hz, 1H); 7.o7 id, 
d, J - 12.1 Hz, 1H); 5.66-5.72 (dd, J- 45 J- 9JB H». 1H>. 6.9 l*-'- "^ V CDC , 3) 5 23 . 0 ; 28.7; 
J - 8.8 Hz, 2H); 7.64 (dd, J = 2.4, J » 8.2 Hz, ^Jf^-^So- 132 2 1 32 3; 133.5; 140.7; 154.5; 159.6; 
46.4: 55.4: 59.6; 75.1 ; 86.1 ; 94.9; 114*1 J » 12M ; 130 6, 317, ^0 32.2 , 13^, 

498.0515. Found: 498.0513. |ap5 0 - +149.4° (0.25, CHCIg) 

J5 l03 0 61 Cd^coupMO.51 g) wasaddedpo f n -^-^—^^1^^' 
THF«5 m L ) and ag. ammonium acetate J ,1*5 ^^^^TJU. The organic solution was evaporated 
hours, (hen poured into ethyl acetate (200 m4, c Ined we i Mg « ^ ^ ^ compound as colour | eS s oil 




8.8 Hz, 2H); 7.36 (d. J= 8.3 Hz. 2H); 7.6 (d, £M nz^nj. ' ^ ™ " 77.3; 1141; 114.3; 127.4; 

8.2 (d, J- 2.2 HZ, 1H). «C NMR(2W I ??J 1 64 8 .R (Mu^oT)': crn^ 3000-2800, 1662. 1607, 1491 , 
127.6; 127.8; 128.0; 129.3; 131.9; 138 7 144.3 58 A 645, W4B.W ( ^ , 82 (12) 153 (10) , 132 

1454. 1245, 1069. 823, 759. MS: m/e (relahve .ntensrty) 306 (M I 100 ) ^7, ,J ^ CH 
5) 70 (10) HRMS Calculated lor C 19 B l8 N 2 0 2 : 306.1367. Found: 306.1365. la] D 
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gxgmglg m : Synthesis of the 7 .(3^Nrtrophenyl)^BD1140^G^ 
[0307] 



ro 



20 



35 




^laW^e^ 
pyrrolo[2,Vc]-[1 ,4]benzodiazepin-5-one (139) 

Na 2 C0 3 (0 16 g, 1 .48 mmo!) were heated al reflux, over -gh J a* flu « <rfd * ^ ^ ^ ^ ^ 

ml) and wa.e, (2 mL). The reaction mixture was ^^uled with elhyl ace ale (20 CIll0 matog- 
The organic phase was dried over MgSO, and evaporated to yteld a c rude yeHow o«. y g 

raphy (ethyl acelate/pet.oleum elher50/50) afforded ^ P^^^ ,H) 5.76 (d, J- 10 Hz. 1H>; 
2.0-2.2 (m. 4H); 3.6 (m, 2H), 3.76 (m. 1H); 4.31 (d, J ^^^'i 0 86 0 94.8, 121 .7. 122.6, 127.5. 129.4. 
7.5-8.5 (m, 8H). «C NMR (68.7 MHz, CDCy 8 22.9 , 28.7 46 3000 . 2800j 1721 , 162 6, 1530. 

129.9. 131.2, 132.0, 132.8, 133.9, 138.3, 140.7 148.6 154^1 166 ^^dT). crn ^ 

1455, 1349, 1 062, 821 . 759. MS: nVe (relative .nte^y) 513 (M » g J» 515.0235. [af* 0 - * 129.6" (c 

197 (18), 164 (15), 70 (22). HBMS Calculated for C 21 H. l8 C, 3 N 3 0 6 . bis.u^ 

= 0.1,CH 3 OH). 

,030=, « mm. - W in TMF „« ,,*» ^ZZZZE' S"'- ^3 

i„ a THF (20 mL) and Iho .enoOon ntfui. ataod ' » ow tor W >» ™™ ' j. „,„, „„ <,„„, 

„,„ «w 0OO.0I. (50 mL, an, «„0.d w* «, -« 0 o K pey . ,„ «,d 

321.'l113. ia] 25 D = + 129.6* (c= 0.1. CH 3 OH). 
nRH-105) (see Figure 23) 



[0310] 



50 



55 



OMe 



MeO' 

O 



^.Benzy.oxy.a.S-^^ 

[0311, A solution o. 2,2,2-Uich.oroethy. ch,oro,orm,e ,1 .08 g. 4.8 mmo.) in disti.led dicNoromethane (10 mL) was 
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added dropwise over 0.5 hours to a solution of anhydrous pyridine (0.80 g, 10.1 mmol) and ™ JJJ* 1 * 

» JL «. .4 . ».»»» W» B 65 » 4.7 « W 'H NMR (270 MH> CDC « . I **2 ™, k3 M 

75.3, 74.6, 66.5, 61 .4, 61 .3, 56.3, 50.7, 28.7, 24.6. 
P 1S,11iS>.M^^ 

hexahydro-5H-pyrrolo[2,1-c][1,43 benzodiazepin-5-one (142) 

56.0, 46.5, 46.3, 45.8, 28.7, 28.6, 23.0. 

8-Ben 2 yloxy-7 ) 9-dimethoxy.1,2 > 3,11a-tetrahydropyrrolo[2.1-c][1 > 4]ben 2 odia 2 epin-5^ n e(143) 

(m, 2H), 2.23-1. 83 (m, 2H). 

Example 3(1) : Synthesis of the C6-NH _ QS1 AG/1491 (see Figure 24) 
[0314] 



40 




SO 



4-Nitro-2-(2',2',2'-trtchloroethoxycarbonylan.ino)benzoic acid (145) 

ro315l A solution of 2.2,2-..icbloroethy.chloro.orn.ale (Troc-CD (1 .66 mL, 12.1 mmol) in ^fTTTT^Z 
Kidded drop w,e ,o a solution o, 4-nitroanthraniiic Z^Tr^ZZt 
in dichloromethane (25 mi) at 0«C, The solution was ailowed 0 t at 26 J 5 hours^Tho ^ 

sequent reaction without further purification. 
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N-[4-nitro^2',2\2Mrichloroethoxycarbonylamino) benzoyl] pyrrolidine-2-methanol (146) 

[0316] Oxalyl chloride (1 mL. 12.1 mmol) and a catalytic amount of dry DMF were added to a suspension of the 
^product from the previous reaction in o, dry dichloromethane (50 mL) and the react.on m,x tore »M» 
stir at room temperature for 12 hours. The nowly formed acid chloride was added drop wse.j worltou to a oUrtion 
of 2S-( + )-pvrrolidinemethanol (1 .22 g, 12.1 mmol) and triethylamine (3.8 mL, 27.5 mmol) m d ch .oromethane (50 mL) 
at 20°C (C«r*y ice). The reaction mixture was stirred for a further hour at -20"C and was then allowed to warm to 
room temperature. The reaction mixture was washed with dilute HCI (1N. 2 x 50 mL) water (50 mL) anc brine > <50m£ 
d riedoverMgS0 4 and evaporated under reduced pressure. The residue was P uri, ' ed */ flas * chro ^ 
petro.eum ether 50/50). remova. of excess e.uen, afforded of a yellow oi, (1 .34 1 0 30%. over «wo teps^ H NMR (270 
MHz. CDCy 8 17 - 2.3 (m, 4H); 3.45 (m, 2H); 3.71 (dd. J = 5.5, J - 11 , 1H); 4.06 (m. 2HM.43 P» 1H) 4 K (d J- 
11 1HV4 89(d J- 13 Hz 1H)' 7.56 (d, J= 8.4 Hz, 1H); 7.96 (dd, J- 2.2, J= 8.4 Hz, 1H); 8.94 (d, J - 2.2 Hz, 1H), 
2 bs 1H S NMR (67.8 MHz, CDCI 3 ) 5 24.9; 27.9; 50.8; 60.5; 64.3; 74.6; 94^9 115 9 117 .9 128.6 130^5 136.9 
149 0; 151 8; 167.7. MS: m/e (relative intensity) 441 ([MHJ. 1), 291 (10), 260 (12) 191 (3 . 64 (15) 154 (8) 113 
(20), 77 (20), 70 (100). HRMS Calculated for C 15 H l6 C 13 N 3 0 6 : 439.0104. l-ound: 439.0105. la]2* D = " < c ~ °' 13 ' 

CHCI 3 ). 

N-[4-amino(2 , ,2',2--trichloroethoxycarbonylamlno)benzoyl]pyrrolidlne-2-methanol (147) 

[0317] A solution of 146 (1 g. 2.3 mmol) and SnC 2 2H 2 Q (2.56 g, 11 .4 mmo.) in methanol (20 mL) was heated at 
eL for 6 hours (the reaction was monitored by TLC (3% methane., ethyl acetate). The react.on mtxture was -educed 
o 3 of ifs original vo.ume and the P H adjusted to 8-9 with satd. aqueous NaHC0 3 . Bhv. acetate ,1 00 mL) was add d 
and the mixture was vigorously stirred for 12 hours, .hen filtered through Celite to remove un sorts. The organ* phase 
dried over MgSo'and evaporated to afford the produo, as a ye.low oil (0.94 g 97%) Wh.ch .was used n the next 
reaction without further purification: l H NMR (270 MHz. CDC, 3 , 5 1.6 - I E . (m 2H j ' -9 <m H); 2 17 to«J££ 
TRBIm 1HV362-372(m 2HV 3 84 (m. 1H); 4.44 (m, 1H); 4.77 (d, J~ 12.1 Hz , 1 H); 4.83 (d, J= 12.1 Hz, 1H),b.J<! 
3_58 (m, 1H), 3 62 3.72 (m, 2H) : = £ \ ? 52 (d _ j, 2 2 H2; 1H); 9.62 (bs, 1H). "C NMR (67.8 MHz, 

cm- Le, 3000-2800, 1738. 1620, 1463, 1196, 1046. 963. 820 760. MS: m/e (relate . .ntensjy) «»J^ 1 ^ 
(20).179<25), 161 (100). 134(8). 113 (25), 77 (35). 70 (85). HRMS Calculated lor C 15 H| 8 CI 3 N 3 0 4 . 409.0362. Found. 
409.0363. |al 25 D = - 60.1° (c = 0.3, CHCI 3 ). 

N-[4-(Fmoc)amino(2-,2',2 , -trichloroethoxycarbonylamino)benzovl] py rrolidine-2-methanol (1 48) 

t 0318] An aqueous solution of NaHC0 3 (0.6 g. 5.67 mmol, in 20 mL of H.O) was added * a solution joT 14 7 ( 0^9 4 
a 2 3 mmol) in THF (20 mL). The reaction mixture was cooled to 0'C and Fmoc-CI (0.65 g, 2.5 mmo.) padded in 
small portions. After addition the reaction mixture was a.lowed to stir for 2 hours a, room ^^'^JX 
acetate /petroleum e.her 50/50). The reaction mixture was acidified with dilute HCI (IN) and extracted w„h ethyl acetate 
^ITKSSc ph ase was dried (MgS0 4 ) and evaporated and the resulting yellow o,l thus • *u»- «J 
purified by Lsh chromatography to afford the product (1 .03 g, 72'/.): 'H NMR (270 MHz, CDCy * . 68 <m 2H) .84 
(m. 1H); 2 11 (m, 1 H); 3.48 (m, 2H); 3.71 (m, 1H), 3.87 (m, 1 H); 4.19 (I, J= 6.8 Hz 1 WM1^-*fJ& J -*™ 
Hz 2H 4.73 d,J-12.1.1H) : 4.7B(d.J=12.1H 2 .1H);7.2.7.8(m.11H] 

a 251 28 1 46 8 51 6 60 8 65 7: 67.1; 74.3; 95.2; 109.9: 112 3; 118.3; 120.0; 124.9; 127.1. 127.8, 129.3 137b, 
409^^ 

758. 740, 667. MS: m/e (relative intensity) 632 (M"), 409 (15), 309 (20). 179 (25), 161 (100), 134 (8). 113 (25), 
(35), 70 (85). (ap 5 D » - 70.3° (C« 0.25. CHCI 3 ). 

(11S,1lBS)-8-(Fmoc)amino-11-hydrox y -10-N-(2-,2-,2'-trlchk,roethoxycarbony l )-1 > 2,3.10 ! 11,11a.h e xah V dro- 5 H- 
pyrrolot2,1-cl[1 ,4)benzodiazeptn-5-one (149) 

[0319] A solution of DMSO (0.31 ml, 4.4 mmol)in of dry dichloromethane (10mL) was slowly ad " d J*"^ 1 "") 
o a solution of oxalyl chloride (2.2 mmol) in dry dichloromethane (11.1 mL) at - 45°C. The m.xture was hed Uo slir 
or 1 5 minu.es to.lowod by the addition of a so.ution of 1 48 (1 g, 1 58 mmo.) in of ^ ^toromeUhano (1 ml) keep n 
the temperature be.ow -40-C. After further 60 minutes a. -45-C. a so.ution o, tne.hy.am.ne (0 .88 m 632™ > " 

was washed with wa.er (50 mL). dilute HCI (1N. 50 mL) and brine (50 ml). Evaporation of "^JJ^^S 
product which was purified by flash chromatography (ethyl acetate/petroleum ether 50/50). 3 56 (m S 

furnished the product as a pa.e yellow oil (0.81 g, 82%); 'H NMR (CDCI 3 ) 8 1 .96 - 2.16 (m. 4H), 3.47 - 3.56 (m. 3H), 
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3 B {m , 1H); 4.1 - 4,8 (m. 3H); 4.46 (d , ,= ..IS * 2H) ,0, (J J ; 12, I H, 1 H); .S4 ^^H.IH): 7«- 
7.76 (rr, 11H). «C NMR (67.8 CDCy 5 22. 287; 46. 4. S): ^ 3282, 3000-2800, 1713. 1610, 

124 9- 127.9; 129.8; 134.9; 140.8; 141.3, 143.5, 153.0, 154.1, <£J ' „ 17B(100) . 152 (5), 89 (7), 

533 1451, 1220, 1058. 908. 735. 647 MS; ^,^'^£^Jt?J%**L 0.5 CHCI 3 ). 
70 (10). HRMS Calculated fo.C 3t> H 26 CI 3 N30 6 ; 629.0887. Found. 629.0887. lal p 

(11 s,ii a S^en,ino-i1- h yd^^ 
[2,1-c][1 ,4]benzodiazepin-5-one (150) 

u- , ■ « «*» m n n 1 3 mmol) was added to a 5% solution o( piperidine in CH 3 CN (12 
I0 320] The protected carb.nolam.ne 149 (0.8 ig 1.3 mm a V wa ^ 5Q and , he organic 

mL, 5 eq. of piperidine). The mixtur, was allowed to st r for 12 hours o ^ ^ ^ ^ g 

phase was evaporated under reduced pressure to , y.eld pate yellow ort (a 9 = ^ ^ g fi1 {<J j _ 

1.9 ■ 2.2 (m. 4H); 3.45 - 3.7 (m, 3H); 4,6 (d, J -12.1 Hz. 1 H) NMR (67.8 MHz, CDC, 3 ) 623.0; 28.7. 

10.3 Hz, 1H); 6.61 (s, 1H) , 6.69 (d. J - 7.3 H*. 1H) 7 _56 (d. J ~ 8 £ ' , 3340 3224 , 3 000-2800, 1714, 1602, 

4B3 59 8- 74 9- 95.1; 114 8; 116.5; 130.4; 135.3; 154.4, 167.3. IR(Nujoi) .cm o . 340 (10), 309 (25), 

U60^;t208. 1141. 1061. 826, 759. 665. K ^^^^^t^S'iiM^^ 
161 (100), 134 (15), 105 (15), 70 (80). HRMS Calculated tor C 15 H, 6 C, 3 N 3 0 4 . 
47.8' (c=0.5, CHCI 3 ). 

Sy „t h e,1so f (11aS).8.am^ 

(0321) C*Pb coupte (5 eg, 0.34 g) was ~^Z£SZX£tt ISSUES' 
inTHF (l0mL)andaque«»u6an»non W mBcetate(10^).aj^MB phase was drjod over 

tomporature and the reaction mixture was poured into ethyl acetate (lou , flash a chr omatography (silica gel, 
MgSG 4 , filtered and evaporated to yield the crude ^"^'^ (26 mg . 5 3% yield); <H NMR 
» MeOH, 95% CHC. 3 ). Removal e, excess , eluen, a«or ed * prod£ s a ^9 ^ ^ <m ^ 

, c^ed^^ 
l^e^^ 

benzodiazepm-5-one < 1941 (see F»gure 25) 



35 [0322] 



*J0 



OMe 




Methyl 4-methyl-3,5-dimethoxybenzoate (187) 



50 186) (5.01 g, 25.56 mmol) in re.luxing methane, f ^™* ™*™ ™ s original volur ne. The concentrate was 
nours and then coo.ed to room temperature and concentre JJ» »JJJ^ a 9 mixture was extracted with 
poured onto crushed ice (c. 150 mL) and allowed to stand '"JT^"^ water (3 x 100 mL). brine (2 x 100 
emy. acetate (3 x 1 00 mL) and the combined organ.c ^^^^^L afforded the product as a 
mL) and dried over anhydrous MgSQ 4 . Removal of T 8 7 21 (a 2H), 3.91 (s. 3H), 3.86 (s. 6H), 

55 Sc solid (187) (4.865 g. 23,7 ^^KS S« ^ 105.20. 104.70, 55.85, 
2.13 (s. 3H); ,3 C NMR (67.8 MHz, CDCI 3 ) 5 171.57. 167.28. 1bB.1t>. i=o 
52 13. 8.77, 8.66. 
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Methyl 2.nitro.4-methvl-3,5-dimethoxyben Z oat e (188) 
,0324] Hnelygroundcoppernitratc^ 

LJn o. 187 (4.8 g. 22.86 mmol) ice (800 mL). The aqueous — was 

The reaction mixture was stirred for 2 hours and tan pou rea 88 , ^ mmo , v , H nmr 
.efUostirfoMhourandtheprodu^ 

2 .Nitro-4-methyl-3,5-dimethoxybenzo.c acid (189) ^ ^ 

.0325] Potassium hydroxide (3.71 g, 66.31 mmol) ^"^^^^^^ wafaZed To 
anhydrous methanol (80 mL) and the reaction and washed with water (50 mL) and left 

c of and acidified to pH 2 with 1 N HCI and the ^^T t £E™-. 81%V, «H NMR (270 MHz, CKI 5 
, 0 air dry to afford the product as a yellow-be.ge f^\f^ y ^ c NMR (67.8 MHz, COCW 5 164.09, 158.65. 

13 .88 (br s. 1H), 7.23 (s, 1H). 3.90 (s, 3H), 375 (S 3H). 2_1* («. >• 

150.08, 139.38, 125 70, 122.50, 107.24, 62.78, 56.34, 9.62. 

N . ( 4.Methy..3,5.dime» h oxy-2-n i trobenzoy.) pyrro.idlne-2-methano. (190) 

• ttf%n ftf ia o f3 96 a 15.32 mmol) and oxalyl 
[0 326] A catafyric amount of DMF (2 drops) was added e rea 9 ction mWure ^ a „owed 

Sortie (2 14 g 16.85 mmol) in dry CH 2 C 2 (50 mL) under a n.lToge^ aUno* 4 . rnottiy ,. 3 ,5-dimethoxy. 
o t overnghUndtheresuUingac^ 

Lbcnzoy. chloride in anhydrous DCM (50 mL) wa • «^ JJ^ U ^ in anhy drous DCM (50 mL) a, 0'C 
lidi ne methanol (1 55 g. 15.32 mmol, 1.1 eq) 1 ^2^ te * 

under a nitrogen al mos P here and the react,on mixture was allowed to a (2 K 1Q0 mL)> 

brine (2x1 00 mL) and drted over anhydrous MgSO^Evaporai, ^ (s 3H)> 3 . 8 g ( 8 , 3H). 

N^-Amino-A-methyl^^fmethoxybenzoy.) pyrro.idine-2-methano! (191) ^ ^ ^ 

10327] Hydrazine hydrate (1 .26 g, 39.37 mmol) was addec J^^JJmS.* hydrogen gas 
Lhano. (50 mL) genfly re.luxing over ^£^£££1 be comp.eteby TLC after 2 h.The reaction 
subsided after approximately 1 0 minutes and th reacUo deem ^ ^ ^ addcd , ^d 

washed with 1 N HC, (2 x 100 mL), H 2 Q (100 mL, ^J^,,^ (sili ca gel, EtOAc) .0 afford the 
,he solvent yie.dcd a brown oil which was h , * (270 MHz , CDC 3 ) 8 7.59 (br s. 1H), 656 (s, H , 
so product (192) as a yellow glass * 4 ^ n ™°'^ 3 69-3.63 (m, 3H + 1H), 3.52 (m, 1H), 3.42-3.33 (m 1H). 
4 78 (br s 2H). 4.25-4.23 (m. 1H), 3.82-3.79 (m. 3H+1H). 3 .W \ 1g6 6? 154 . 02 , 153.34, 

4 2 .1 8 3i b 06 S '(m.3H + lH,, 1.88-1.64 ^^^"^^^n.^.^^.^ 
131 92 121 74, 119.33. 103.94, 95.43, 74.42,66.04, 61.01, bu. 

, , ftN/ r 2 2'-tri-chloroethoxylcarbonyl)-1,2,3,10,11,11a- 
55 ( ,1S,11aS>8-Methyl-7.9.d imG thoxy-11-hydroxy-10-N-(2 2 .2 
h exah y dro-5H-pyr,o.ol2,1-c]l1,4]ben Z od,aze P m-5-one(19 3 ) 

n *v DCM (10 mL) was added dropwise over 5 minutes to a st.rred 
[0329] Anhydrous DMSO (1 006 g. 12.87 mmol) n dry DCM (10 mL, 
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solution of oxalyl chloride (3. 1 9 ml. of a 2 N solution in DCM, 6.373 mmol) under a nitrogen atmosphere at -50°C. After 
stirring for 5 minutes, a solution of 192 (2.13 g. 4.53 mmol) in dry DCM (10 mL) was added dropwise over 45 minutes 
to the reaction mixture, which was then stirred for a further 45 minutes at -SO'C. TEA (1 .83 g; 1 8.1 3 mmol) was added 
dropwise to the mixture over 0.5 hours and stirred for a further 15 minutes. The reaction mixture was left to warn, to 
room temperature, diluted with H 2 0 (100 mL)and the phases allowed to separate. The organic phase was washed 
with 1 N HCI (2 x 50 ml), water (2 x 50 mL). brine (2 x 50 mL) and dried over MgSQ 4 . The solvent was evaporated to 
afford .he product (193) as an off-white glass (1 .84 g, 3.93 mmol; 87 %). NMR (270 MHz. CDCI3) 5 7.05 (s 1H 
(minor rotamer 1 :4. visible at d 7.06), 5 58 (dd. J- 3.84 Hz, J= 9.89. 1H) (<™or rotamer 1 :4 vis.ble at d 5^8 J. £21 
HZ J= 9 53). 4.71 (d. J= 11.72 Hz, 1H). 4.56 (d, J= 11.73 Hz. 1H), 4.11 (d. J= 3.85 Hz, 1H), 3.88 S 3H). 376 (s, 
3H) 3 79-3 47 (m 2H) 221-1.99 (m. 4H). 2.16 (s, 3H); NMR (67.8 MHz. CDCI 3 ) rotamers 5 166.82. 158.31, 
S'92 155 65 155 43 131.52, 124.17, 123.99. 121.62. 105.90, 105.64, 105.38, 94.53. 86.17,85.93, 75.80,75.23, 
61 .77, 61 .65, 59.98. 59.58, 59.40, 55.88, 55.79, 46.56, 46.38, 28.70, 28.62. 22.94. 10.14, 9.75. 

8-Methyl-7,9-dimethoxy-1 .2.3,11 a-tetrahydropyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (194) 

ro3301 10% Cd/Pb couple (1 .34 g; 10.7 mmol Cd) was added to a rapidly stirring solution of 193 (1 g; 2.14 1 mmol) In 
a mixture of THF (15 mL) and 1 N NH 4 OAc (15 mL). After 3.5 hours the reaction was diluted with BOAc (150 mL) 
The solution was dried over anhydrous MgS0 4 and the solids were filtered and MM BN. f» 
of excess solven, yielded the product (194) as a white glass ,554 mg, 2 02 ^ ,94 % . <H NMR (2 W Mffi CK J 
(mixture of imine and methyl ether forms) 5 7.72 (imine. d, J - 4.39, 1H) ,7.29 (s 1H ) 3-90 (s. 3H) 3.88-3*. (m 
3H + 2H,1H). 2.37-2.04 (m, 4H), 2.22 (s, 3H); «C NMR (67.8 MHz.CDCIj) 5 164.65, 161.41, 156.79. 153.47. 133.87, 
126.29, 124.27, 105.71, 60.98, 55.80, 55.70, 53.71, 46.70, 29.52. 29.34, 24.13, 9.33. 

Example 4 : Synthesis of the C8-Amlnes 

Synthesis of 3.(11-Hydrox y -5-oxo-10.(2,2,2-trichloroethyloxocarbonylaminoH11aSh2 3^^ 
hexahydro-1 H-ben 2 o[eJpyrrolo[2,1-a)[1 ,4]dia Z epm-8-yloxy-2-propeny Ipropanoate (1 59) (see F.gure 27) 

[0331] 
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35 



Troc OH 




40 Nitro Di-acid (153) 

[0332] 14.63 g of (4-carboxy.2-methoxy-5hydroxy- P henoxy) propanoic acid 152 (61 mmol) was added 
o 70% nitric acid (100 mL ) stirred at 0»C. The reaction was stirred lor 1 hour at 0»C then allowed to return to rt. The 
e2n mL7 wasTn poured onto ice and allowed to stir for 1 8 h. The solids were then collected by fil.rat.on and 

« wastd Z wLr The aqueous layer was then extracted with ethy. acetate (3 x 150 ^"^"T^ 
washed with water and brine and dried with sodium sulphate. The solvent was .then removed ,o vacuc no g*e 153 s 
a yellow SOW. yieW= 14.01 g(83%)m P 14fC. 'H NMR (CDC. 3 ): 5 8.51 ^2H.COOH).JS7 { s, ^OH^0 2 ) 7£ 
iJ 1H CH OCCH1 4 35 (t 2H J =6.41 Hz, CH 2 CH,0), 3.99 s, 1H, OCH 3 ), 2.86 (t, 2H, J - 6.41 Hz. 
cVcH^C NMR ?CDC i: 5 33.93 (CH 2 CH O), k£ (OCH 3 ). 65.20 (CH 2 CH 2 0). 108.27 (N0 2 CCH) 111.26 

50 SoCCH> 122 50(CCOOH 141.14(CN0 2 ). 149.21 (CH 2 CH 2 OC), 152.40 (CH3OC). 166.93 (arom. COOH). 172.24 
Sh COOH 2860 2620 1740 1720, 1590 1540, 1480, 1390. 1350. 1290, 1230, 1250, 1200. 1060 

£FS TL 'ySffiS^Se (***'. 20), 241 (10). 213 (100). 160 (20), 152 (5), 111 (20), 96 (5), 79 (5), 73 
(15), 55 (10). HRMS Calcd. for C^B^NOg = 285.0511 found = 285.0538. 

55 2-Propene 3-(4-carboJ(y-2-methoxy.5.nitrophenoxy)propanoate (1 54) 

103331 A mixture of 3-(4-c a rboxy-2-methoxy-5-nitrophenoxy)pro P anoic acid (153) (20 g, 74.3 mmol) and p-toluene 
Snic acid Lohydrate (2.3 g 7.4 mmol) in allyl alcohol (240 mL, 3.5 mol) was refluxed for 7 hours then allowed 
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.«on. This so.id was taken up in BOAc ao^o ^ 

sodiumsulphate. Evaporation m vacoof ortW154 as awl hje sol «l * . g. ^ (d(J 28 

8 2.92 (., 2H. J = 6.35 Hz); 3.94 (s. 3H) 4.38 (t 2H,J = 641 Hz). 4j65 (a, 2H. ^ ^ ^ nmr ^ 

Hz, J 2 = 19.42 Hz); 5.33 (dd, J i ^ 1 ^ c ^i 2 Vfi^3 122 9 ^3^8 141 i^^-^ 1 ^2.6^ 167.1, 170.0; IR (Nujol); 
MHz, CDCI 3 ): 5 34.1, 56.5, 65.0, IVq^ li7(f 1030 1010 cm" 1 : MS (El) m/z (relative intensity): 325 

lound 232.0773. 

P , op . 2 «ny.4-(*2S- D iethynh^ 
l03341 Z-Ptopene^-ca^^^ 

!nL 23 mmoO and 5 drops o« I DMF were stored „ ^ TH (100 ^or 18 ^ ^ ^ q . 

and the residue dissolved in dry 1 HE (50 mL) rh,s was afloeo orop J , B 41 mmol) . T he st.mng 

.idone-2-caroxaldehyde diethyl < nioace ' ate ( 3 ^^ by (lash chromatography 

was continued tor 18 h. The solvent was then removed m f \ 774 (s , tH> OCCHC), 6.83 (s, 
eluting with ethyl acetate to give 155 (7.489 ,95%) as a yc.fcw - H £MR ^ ^ j = 20 2 4 Hz, 

,H,MeOCCHC), 5.98-5.86 (m, 1H, ^CHCH^ 5_33 (d 1 H. 26j MHz ^ a ^ ^ ^ j= ^ Hz 

OCH 2 CHCH 2) , 4.88 (d, 1H, J = 3.85 Hz NCHCM) 474 4.65 m Z 2 ^ 2 87 . 2 67 (m . 4H . 

ChJh^C). 3.94 (S.3H.OCH3), 3.29-3.21 (m, 2H. NCH 2 . 296 \p.O% J 13c . NMR 2 (CD ci 3 ) : 5 15.00, 15.13 
SCHA), 2.32-1.78 (m. 4H, NCH^H^H^O-I.S ^^^^H O), 50.19 (NCH 2 ). 52.80 
(SCH 2 CH 3 ), 24.63 (NCH^CH,). 26.28, 26 ^ ^(NCIVW^ < * farom. CH), 1 09.47 (arom. 
N CHCH) 3 56.60 (OCH3), 61.08 (NCH), 65.13 CH t^f^?^?^. (CH 2 CH 2 OC). 154.57 

p 5 CH). 118.55 (OCH 2 CHCH 2 ), t28.58 (CCON * 13173 ,OCH 2 C ^^ 3 ™< K0O \ 740> 1640 . 1580, 1530, 1340, 
(COCH 3 ), 166.61 (CON) , 170.14 (COO). IR (Nu)ol) yr 3550-2720, 3000 2630, (?2) 308 (g4 ), 268 

280 1220 118O,105OcmVMS(EI).m/c(rela.ivemtens..y):527(M ■ 1 ^ 7 « 10 »' d 
; 20 ) 142 (4). HRMS calcd. for - 527.1875, lound = 527.1 885 

2-propenylpropanoate (156) 

or -7c u,« rpfluxed for 40 minutes in ethyl acetate 

,0335, 8 (7.21 g, 14.05 mmo.) and Ttn(H) chloride (5* £76 was triturated with saturated 

,00 ml) then allowed to cool. The solvent was then "™^ J J^2n« J overnight. The reaction mixture was 
35 bicarbonate solution at 0-C. EtOAc (50 mL) "^^j^SS. ^ combined organic* were then washed 
then filtered through Celite and the rater cake wa she iwtt h e « h ^ e ^ e ^ The produc , was purified using 
with water and brine, dried with sodium sulphate and the »^^f a " oil yie( d = 5.87g (86%). 'H NMR 
nL chromatography eluting with 5% MeOH in **™£^JZ 1H OCH 2 CHCH 2 ), 5.31 (dd, 1H, J = 1.28 
(CDCI 3 ): 5 6.82 (s, 1H, arom. CH), 6.28 (s. H arom CH) 5 9S ^ 5 Q 8 ^^ CH ) 4 71 . 4 62 2 (m , 5H. including doublet 
<o Hz, 27 3 66 Hz, OCH 2 CHCH 2 ). ^1H>JJ* J 70HZ ' 0 ^ 59 „z!cH 2 CH 2 0). 3.92, (m, 1H, NCH) 3.74 
at 4.62, 2H, J = 5.49 Hz, NH 2 ♦ NCHCH OCH 2 C HCH ) , 4_27 (»■ 2* J ^ (m> 4H , SC h 2 CH 3 ), 2.28-1 .80 

(s. 3H, OCH 3 ), 3.66-3.57 (m. 2H. NCH 2 ) 2.89 2£ ; J -6.6 i H* OJC M 2 • 26 . 55 .27.23 (NCH 2 CH 2 CH 2 ). 

m,4H.NCH 2 CH 2 CH 2 ),1.25(m.6H.SCH2CH3);^ 64 . 20 (C h 2 CH 2 0), 64.41 

278 (3D, 137 (1), 70 (3); HRMS calcd. for C^H^O^S., - 
/4 (2 -Diethvlthio m ethyl-(2S)-|>erhydro-1-pyrrolylcarbonylr-2-methoxy- 

[0 3 361 To a soiution o, 1S6 (5,7, 1 1 .74 mmot) TT^^X 
LoO. To this was added dropwise at O-C a ^«*f**^£ wlln n N HCI (3 X 100 mL), water (3 X 1 00 
solution was stirred for a further , hour at 0-C. The T^^^ vacuoto give a brown oil (6.8g. 88%) 'H 

mUbrinellOOmLi.driedovor^agnesiumsu^^ 

NMR (COCI3): 5 9.14 (bs. 1H, NH), 7.88 (te 1 H. CHCNH^ 6.93 (S 1H C H 2 CHCH 2 ),4.89-4.77 (m. 4H, 

5.31 (dt, 1H, J =147 Hz, 27.84 Hz OCH 2 CHCH 2 ). 5.25 (dt. 1H, J -1.29 HZ. * 
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includinq doublet 1H, J =1.28 Hz. CHCHSEt. NH. CH 2 -TrOC). 4.62 (d, 2H, J =1.28 Hz. OCH 2 CHCH 2 ). 3 81 (s. 3H. 
OCH 3 ) 3 60 (m. 2H. NCH 2 ). 2.91 (d. 2H. J =6.42 Hz, CH 2 CH 2 0), 2.84-2.61 (m. 4H. SCH 2 CH 3 ), 1.37-1.23 (m. 6H, 
SCHoCH 3 )-13 C NMR (CDCI 3 ) : 5 170.33 (ester CO), 168.50 (CON), 151.94 (OCO), 150.29 (COCH 3 ). 144.52 
(COCHXHA 131.93 (OCH 2 CHCH 2 ), 131.35 (CNH), 118.29 (OCH 2 CHCH 2 ), 112.21 (arom. CH), 105.51 (arom. CH), 
95 27 (CCL) 76 24 (CH 2 TrOC). 74.39 (CH 2 TrOC). 65.42 (CH 2 CH 2 0), 61.14 (NCH), 56.30 (OCH 3 ), 53.00 (NCHCH- 
SEt) 34 27 (CH 2 CH 2 0), 27.30. 26.71. 26.43. 25.24 (NCH 2 CH 2 CH 2 ), 15.27, 14.87, 14.18 (SCH 2 CH 3 ). MS (El) : m/e 
(relative intensity): 658, 656 (M*\ 1), 508 (1), 373 (6), 305 (5), 304 (27), 192 (5), 70 (12). 

3-(11-Hydroxy-5-oxo-10-(2,2,2-trichloroethyloxocarbonylaminoH11aSh2,3.5 l 10,11,11a-hexahydro-1^benzo 
[elpyrrolo[2,1-a][1,4]diazepin-8-yloxy-2-propenylpropanoate (158) 

[0337] A solution ol 1 57 (6.8g, 1 0.34 mmol) in acelonitrile/water (4:1 , 200 mL) was Irealed with calcium carbonate 
(2 585q 25,85 mmol) and mercuric(ll) chloride (7.00g, 25.85 mmol) and the solution was stirred (or 1 8 h. The reaction 
was then tillered through Celite and the filter pad washed with ethyl acetate. The organics were collected and washed 
w,th water (3 x 50 mL). brine (100 mL) and dried over magnesium sulphate. The solvent was removed m vacuo and 
the resulting product was purified by flash chromatography eluting with ethyl acetate to give the product as a yellow 
oil (3 67 g. 64%) m NNR (CDCI 3 ): 5 7.25 (arom. CH), 6.86 (s, 1H. arom. CH). 6.00-5.85 (m, 1H, CH 2 CHCH 2 ) 5.67 <d 
1H J = 9.71 Hz. TrOCCH 2 ) 5.37-5.20 (m, 3H, TrOC-CH 2 f OCH 2 CHCH 2 ). 4.65 (d, 2H. J = 5.67 Hz, CH 2 CHCH 2 0), 
4 36-4.22 (m. 3H CH 2 CH 2 0 * NCHOH), 3.90 (s, 3H, OCH 3 ), 3.72-3.47 (m. 3H, NCH + NCH 2 ). 2.91 (t,J=6.4,H 
CH 2 CH 2 0) 2.29-2.00 (m, 4H, NCH 2 CH 2 CH 2 ) «C NMR (CDCI 3 ): 5 170.33 (ester ca.bonyl C O) 166 1J (CON) 544 
(OCO) 149 88 (COCH 3 ), 148.93 (COCH 2 CH 2 ), 131.86 (CH 2 CHCH 2 ), 127.48 (arom. CN), 126.24 (CCON) 118.42 
OCH 2 CHCH 2 ). 114 48 (arom. CH), 110.82 (arom. CH), 95.09 (CCI 3 ).. 86.42 (NCHOH), 74.96 (T'OC-CH 2 ), 65.47 




3-(1 1-Hydroxy-5-oxo-7-methoxy-10-(2,2^-trichloroethyloxocarbonylaminoH1 1 aS)-2.3 .5,1 0,1 1 ,1 1a-hexahydro- 
1 H-benzo[e]pyrrolo[2.1-a][1 ,4]diazepin-8-yloxypropanoic acid (159) 

so [03381 A solution ol 1 58 (3.5 g. 6.35 mmol) was dissolved in ethanol (1 00 mL). To this was added Tetrakis(lriphenyl- 
phospine)palladium(0) (350 mg. 0.303 mmol) and the solution refluxed for 30 minutes until the reaction was complete 
by TLC monitoring. The reaction was then allowed to cool and the filtered through Celite. The EtOH was , hen i Removed 
in vacuo to give the crude material as a yellow solid which was used directly in the next steps. H-NM R (CDCy : 5 
7.22 (S,1H, OCCHCN), 7.01 (s, 1H, MeOCCHC). 6.27 (bs. COOH), 5.67 (d, 1H, J =9.5 HzJrOC-CH 2 ) 5.06 (d H J 
- 12 OQ Hz Tron-CH^) 4.29-4.11 (m. 2H. CHOH), 3.85 (s, 3H, OCH 3 ). 3.71 (t, 2H, J =6.97 Hz, CH 2 CH 2 0) 3.51 (m 

" 1H NCH),' 2.80 (m. 2H. NCH 2 ). 2.12-1.99 (m, 4H, NCH 2 CH 2 CH 2 ), 1.21 (t, 2H, J =6.96 Hz, CH^O) 1J C NMR 
(CDCt 3 ) : 6= 174.27 (acid CH), 167.34 (CON), 154.20 (OCO), 149 78 (COCH 3 ), 148 7 ^ C ° C ^ C ^^ 
CH). 132.16 (arom. CH), 128.66 (arom. CN). 125.87 (CCON), 95.06 (CC 3 ), 86.53 (^HCHOH)^4.95 (CHyTOCK 
60.67 (NCH), 58.24 (CH 2 CH 2 0), 56.04 (OCH 3 ), 46.44 (NCH 2 ), 35.24 (NCH 2 CH 2 CH 2 ), 28.59 (NCH 2 CH 2 CH 2 ), 23.08 

40 (CH 2 CH z O) 

Example 4(a) :3-(7-methoxv-5-oxy(11aS)-2.3,5,11a-tetrahvdro-1W>enzo [el p v rrolo I 1, 2-a) [1,4]di a 2epin- 
8-yloxy)-1-perhvdro-1-pyrrolvl-1-propanone (161)(see Figure 28) 
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• ^ /ii*Q\-2 3 5l0li:na-hexahydro- 

added 1-(3-dimethylaminopropyl)-3-ethyl- 

[03 40, Toa S o.utiono f 159(100mg.0,96mm°.^^^ 

carbodiimide hydrochloride (44 mg, 0.23 mmo V and 4-( methyto mmwy ^ ^ g {urlh 2h 

rod tor 1h. To .he reaction was added ^-^^SSiHonW^ 
The solvent was then removed in vacuo and the com P 0U ™j >u "'' e °° y , 1 „ , H mH (C DCI 3 ). 5 7.25 (OCCH), 6.90 (s, 
ZS:ZL,e ,o give the product as a %[ 9 £ 484 ^74 (m 2H.CHOH, 

26 02 24.42 (various N-(X)CH 2 ), ^ 2 /• 

W W (2). » (8). (21, -»2 (4). 126 16). 

1-pyrrolyH-propanone ( 161 ) 

Me,h ° dA ' .v. was added 1-(3-dimethylaminopropyl)- 

r0 341, To a solution of 160 (100 mg. 0.164 mmo.) in »"J L > Q a J he reaclio n stirred .or 18 
Sy caldLde hydrochloride (38 mg, 0.2 mmo,) **^*£t!Z - J (3 x SO mL). saturated sodium 
h . The mixture was then dilute with dic™orometha no (1 00 mU and ^ ^ ^ product pur, t.ed by 



mg, 40%) 
30 Method B 



35 



Meth ° d B: .v. ,c m n was added 1 -(3-dimethylaminopropyl)- 

l03421 To a so.ution o, 160 (100 mg, 0,64 mmo.) in ^^SS^^^^ ^ "* & T^ 
3 ethvlcarbodiimide hydrochloride (38 mg. 0.2 mmol) lher ^ c,,0n S ' and stirred for 30 minutes. The reachon 
SSSa— fluoride (200 uL of a , .0 M «U»n « JH F 02 -) £ ^ ^ ^ wim dich.orome^ 
rsmenUeatedwithpyrroHd^lMmg ^^S^^LlK*-. solution (3 x 50 mL) andbrme (50 
ane (100 mL) and washed with water (3 »V chromatography eluting w,th 5% methanol 

mU . The solvent was removed ,n M - ^ 82%) 

in dichloromethane to give the product 161 as a wh.te sowo (y 



40 Method C: 
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Method i.. . . j 

57.66(m.lH, J = 4.39H,,N=CH),7.50 ( s. 1H a,om_CH)^88(S 2 h ^ ^^c^, 228 .2_33 (m 2£ 

3.92 (s, 3H, OCH 3 ), 3.90-3.44 (m, 5H, PV"™ CH f ^8 (amide CO). 1 64.65 (CON). 162.43 (im.ne CJ1^ 
NCH 2 CH 2 ), 2.10-1 .87 (m, 8H, C-ring ,-pyrrohdme CH 2 V J 54 (arom C H). 110.61 (arorrv CH ) 65^20 
(COCH3), 147.61 (COCH 2 CH 2 ), 140.76 (an>m^ ^ 3 6 ^ 40 ), 29 .e2.28.06.24W.lCH,).24.10(«W2^ 

( ( COCH 3 2 CH 2 ). 56.21 ^^^S^^nto. 1» - «• 70 »' 55 ^ ^ 
MS (El)" m/c (relative intensity): 371 (M* , 10), i w< 
lor C 20 H 15 0 4 N 3 = 371 .1845, tound 371.1788. 
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Example 4(b) : 3>(7-methoxv>5-oxy(11aSV2,3,5 > 11a^etrahvdro-1H> ben2o[elp Y rro»o[1>aT p^diazepii 
8-yloxy)-1-piperidino-1-propanone (1 63) (see Figure 28) 

[0344] 
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3-(11-Hydroxy-7-methoxy-5.o X o-10.(2 ) 2,2-trichloroethyloxocarbonylaminoH11aSV2,3,5,1011,11a-hexahydro- 
1 H-benzo[e]pyrfolo[2,1-a][1 ,4)d.azepin-8-yfoxy-1-perhydro-1-piperidino-1-propanone (162) 

[0345] To a solution of 1 59 (1 00 mg, 0. 1 96 mmol) in dichloromethane was added 1 ^^^^^ 
carbodiimide hydroch.oride (44 mg. 0.23 mmol) and 4.(dim e thylam.no)pyridine (5 mg, 0.04 mmo.) a d he solution 
stirred (or 1h. To the reaction was added pipeline (25 „L. 0.23 mmo.) and the reachon s trrec Ho a further 2h Jhe 
solvent was t tl en removed in vacuo and the compound purified by flash cbromatogre ,phy e uhng 
dichloromethane to give the product as a ye.low oil. yield. 94 mg, 84%). 1 H-NMR (CDCi 3 ) 5 7,25 (s 1 H OCCHCtJ, 
6 90 [s, 1 H, MeOCCHC), 5.65 (d, 1H, J •- 9.71 Hz, TrOC-CH 2) , 5.17 (d, 1H, J = 11.94 Hz. 1™ CH ^*™** 
4H CHOH + CH 2 CH 2 0 , 3.91 (s. 3H, OCH 3 ), 3.73-3.67 (m, 1H ; NCH), 3.54-3.46 (m, 6H NCH 2 . P^J R N ^ \ 
•> 99-2 83 (m 2H CH,CH 7 0), 2.13-2.00 (m, 4H , NCH 2 CH 2 CH 2 ) 1 .67-1 .56 (m, 6H, piper.dine-CH;,). NMR CDCI 3 V 
o168S(a:ideCO ) .l67 2 1lU).1^ 

(CCON) 114.19 (arom. CH), 110.44 (arom. CH), 95.02 (CCI 3 ). 86.38 (NCHCHOH), 74.96 (C »2^C) 65^38 
rw CH n 60 33 (IMCH1 56 08 (OCH,) 46 77 , 46.44. 42.75. 32.73, 28.60, 26.33, 25.48, 24.44 (various N-(X)CH 2 ), 
SfigggZ : S SfrSvfi'ntensi,): = 579 ,1), 577 ,1), 331 ,1), 278 jj, 246 (1) « W. «0 PJ. J 
(2), 112 (2). 97 (1). 84 (3), 77 (3), 70 (7), 69 (4), 55 (4). HRMS calcd. tor C 24 H 30 N 3 O 7 CI 3 = 579.1120 found 579.1 066 

3-(7-methoxy-5-oxy(11aS)-2,3.5,11a-tet ra hyd^ 
1-propanone (163) 

[0346, To a solution o, 1 62 (94 mg, 0. 1 62 mmo.) in THF (3-nl^ddedl M 

and the reaction mixture stirred. To the solution was aodea 10~-o Cd/rb touple (0.8 o., .u. m 3 j ana it.c* 

was stored to 90 minutes. The reaction was filtered and diluted with ethyl acetate (20 mL). The so.ut.on was dned 
" mlgneSm su.phate and the solvent removed in vacuo, the product as .hen , *J 
eluting with 5% methane, in dichloromethane to give the compound as a ^rte sohd (y,eU * H ™ R 
rmci V & 7 67 fd 1H J - 4 4 Hz N=CH), 7.51 (s. 1H, OCCHCN), 6.89 (s, 1H. MeOCCHC), 4.42 (t, 2H, J - 7.14 Hz 

9 al 2 29 m 2H C-rinq CH^ 2 11-2 02 (m. 2H. C-ring CH 2 ). 1 .62-1.59 (m, 6H, pipendme CH 2 ), «C NMR (CDCy. 
WM^CV^m^e CH), ( 162.43 (COnI 150.52 <COCH 3 ). *™,£^'™JffiS£ 
120 31 (CCON) 111 51 (arom. CH), 110.58 (arom. CH), 65.44 (CH 2 CH 2 0), 56.11 (OCH 3 ), 53.73 (NCH) 46.70 46^39 
42*9 32.72 2^62 26.38, 25.52, 24.40 (various N.(X)CH 2 ,, 24.19 (CH 2 CH 2 0); MS (E.) :»*<«-»- ™ 
45 (M-, 6), 246 (8). 245 (3), 231 (3). 140 (1 5), 138 (5), 97 (5), 84 (3); HRMS cated. .or C 21 H 27 0 4 N 3 = 385.2002, found 



385.2058. 
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p.2^[1,4ldiazepin-8-yloxvV1-propanone (165) (see Figure 28) 



[03471 



w 



15 



20 



25 



30 



35 



40 



45 




M2,3.D.hydro.1*1Hndo.y.)-3.(11-^ 
-(iWIs.lO.ll.lla-hexahydro-l^ 

[0348, To a solution or 1 59 (1 00 m 9 . 0.1 96 mmol) in DMF was added 1 -<^ e '^ 

hydrochloride (44 mq 0 23 m.nol) and 4-(dimelhylamino)py.idine (5 mg, 0.04 mmol) and the solution si rred for ih To 
S^ri 'lne U mg, 0 23 Lo.) and the reaction stirred ,or a .urtber 8h. The ^l— 
removed I vacuo and the compound purified by flash chromatography e.uting wrth 5% methan o, ,n ^^tha e 
to give the product as a yeflow oil (yield - 71 mg, 61%). 1 H-NMR (CDC 3 ): i 1*9-2. 2 : (m. 4H ^ ^CH* 3. 0 
(, . 8.42 Hz, CH 2 CH 2 0). 3.71 -5.00, (m, 4H, NCH 2 . NCH, CHOH), 3.89 (s 3H, OCK l 3 ). ^\^^cH)sto 
4 27 (d, 2H. J - 1 .80 HZ. indo.e-CH 2 ), 4.43 (t, J - 6.23 Hz. CH 2 CH 2 0). 5.16 (d, 1H. J i - 11 51 Hz. TrOC CH* M0 
7 \i, rsus c iri 1 m I - 9 S9 Hz TrOC-CH,) 7 20-6.93 (m, 5H. indole-CH, arom CH), 8.18 (d, 1H, J = 8.25 Hz. 

(bs, 1H, NH), «C NMR (CDd 3 ) : 5 140.37, 140.36 (ring junctions), 127.15, 126.90, 122.60, 122.51 122.33 (arom. 
52.31 (CH 2 ). 

1 W l^l*lndolyW 
diazeptn-8-yloxy)-1-propanone (165) 

~. -.4 e ~i\ tup n mi \ wa<; added 1 M ammonium acetate solution (2 mL) 

68 1 amide CO), 164.61 (CON), 162.47, (imine CH), 147.59 6 a om CH 64 80 

123.87, (indolyl arom. CH). 120.44 (CCON), 117.03 (indolyl arom. CH) tlia _(«™ «£. 10* (*orn_C , 
(COCH 2 CH 2 ). 56.14 (COCH 3 ), 53.70 (NCH), 48.11, 46.69, 35.50, 29.60, 28.67. 28.00 (CH* 2419 (COCH 2 CH 2 ). 
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Example 4(d) : l,(2.3-dihvdro.1/»2-i S olndotvl)-3-(7-methoxv5-o)tv(11aS V 2 , 3 , 5, 11a- t e trahydro-1H-b e n 2 o[e] 
pyrrok>n,2-al M,4ldiazepin-8-vloxv)-1-propanone ( 167) (see Figure 28) 

[0351] 




l.,2 3.dihydro.1H-20soindo.yl)-3-(11-hydroxy-7^^ 

(11aS)-2,3,5 ) 10,11,11a-h e xahydro-1H-benzo[e] P yrrolo[2 l 1-a][1,4]dia 2 ep'n-8-yloxy-1-propar.one(166) 

[0352] To a solution ol 1 59 (1 00 mg, 0.1 96 mmol) in DMF was added 1 .(a-dimethylaminopropyO-a-ethylcarbodiirnide 
hydrochloride (44 mg. 0.23 mmol) and 4-<dimelhylamino)pyridine (5 mg, 0.04 mmol) and the solution stirred for Ik To 
.he reaction was added indoline (27.4 mg, 0.23 mmol) and the reaction stirred for a further 8h. The solvenr *as hen 
removed in vacuo and the compound purified by (lash chromatography eluting w.th 5% methanol in drchloromethane 
to give the product as a yel.ow oil (yie.d - 75 mg. 64%). 1 H-NMB (CDCy. 8 7*9-7* (m. 5H. ^mdo.earora. arom. 
CH) 691 (s 1H aromCH),5.66(d.1H.J = 9.7Hz.TrOC-CH 2 )5.30( S JH.OH),5.19(d,1H,J = 9.7Hz.TrOC-CH ) 

SS' (m » ' isoindoly. CH . 4.79 (3, 2H. isoindoly. CH 2 ), 4.38 »,, 2H, J - 6.42 IJW**W^J 
Hz C11 -H) 3 81 -3 40 (2H. NCH 2 ), 3.03-2.85 (m. 2H. CH 2 CH 2 0), 2.11-1 98 (m, 4H, NCH 2 CH 2 CH 2 ); 13 C-NMR (CDC 3 ). 
5 69 1 7 (CON). 167.02 (CON), 154.27 (OCO), 149.91 (COCH 3 ), 148.64 ,COCH 2 CH 2 ) fl*nd* 
junction) 128.61 . 127.88 (isoindoly. CH). 127.78 (arom. CN), 127.58, (CCON), 11 4*8 (arom . C H)11 -54 1 (a r«CtJ, 
95 09 (CCU) 86 51 (NCHCHOH), 74.98 (TrOC-CH 2 ). 65.21 (CH 2 CH 2 0), 60.23 (NCH), 56.05 (OCH 3 ), 62.14, 5281 
SoindolylCH,) 46 43. (NCH 2 ), 34.31, 29.68, 28 60 (NxCH 2 ). 23.03 (CH 2 CH 2 0); FABMS m/z (rela.rve m.ens,.y): = 
612 0 ) 596 (#594 (1), 279 (1), 192 (1 ), 174 (8), 146 (5), 118 (13). 91 (2). 55 (3). FABHRMS found compound m,nus 
OH i.e. C 27 H 27 N 3 0 6 CI 3 = 595.1044 

1 ,(2,3^ihydro-1 H-2..solndolyl)-3-(7-me^ 
diazepin-8-yloxy)-1-propanone (167) 

[0353] To a solution of 166 (75 mg, 0.1 22 mmol) in THF (3 mL) was added 1 M ammonium acetate solution (2. *J 
and the reaction mixture stirred. To the solution was added 10% Cd/Pb couple (0.61 mmol, 76 mg) and the reaction 
was stored for 90 minutes. The reaction was filtered and diluted with ethyl acetate (20 m^TJje soluhon was dned 
I h magnesium su.phate and the solvent removed ft, vacuo. The product was then puri ed 
eluting with 5% methane, in dichloromethane to give the compound as a whe solid (y.eld = 42.6 mg 83 /.) H NMR 
(CDCy. o 7.66 (d, 2H, J = 4.39 Hz, N=CH), 7.48 (s, 1H. arom. CH). 7.30 (s, 4H, mdory. arom. CH . 6.89 (s 1 H ^arorn. 
CH), 4 3 .48 (,, 3H. J = 6.59 Hz, COCH 2 CH 2 ). 3.84 (s. 3H, OCH 3 ), 3.81-3.6 I <m 2H, -dolyl CH 2 ) 3.61^5^ « JH 
NCH) 2 97 (p 5H J = 6.9 Hz, CHoC^O), 2.32-2.28 (m. 2H, NCH 2 ), 2.30-2.01 (m, 4H, NCH 2 CH 2 CH 2 ) ^ NMR 
^ 8 1 ( 69.2 Lc CO) leL, imine CH), 162.52 (CON), 150.45 (COCH 3 ) 147 63 (C»W).1^. 
arom CN), 127.86, 127.56, ,23.04, 122.62 (indoly. arom. CH), 120.38 (CCON). 111 .52 arom . CH) "0*3 » 
CH) 65 1 6 COCH,CH ? ) 56.06 (COCH 3 ), 53.73 (NCH). 52.16, 50.64, 46.70, 34.22. 29.57 (CH 2 ), 24. 1 1B £° C "f"£ 
MS m ^e (?2a.fve intensity): 419 (M ' . 21), 416 ,2). 415 ,2). 246 (10), 245 (3), 231 (3), 174 (4); HRMS cafcd. ,o, 
C 24 H 25 0 4 N 3 = 419.1845. found 419.1821. 

Example 4(e) : Synthesis of (11aS) 8-(N-9-fluor e n Y lmethoxvc a rbonyl)aminopr 0 pyloxy-7-methoxy-1,2,3.11a: 
tetrahvdro-5H-pvrrolof2,1-e)[1.41benzodiazep ln-5-onc(20S) (See Figure 26) 

Synthesis of N-(fert-butoxycarbonyt)-3-hydroxypropylamine (196) 

f 0354] A solution ol (Boc) 2 0 (25.0g. 114.5 mmol) in anhydrous DCM (50 mL) was added dropwisc to astirred solulion 
S 3 amino 1 oropano (195) (7 8 g 104.5 mmol) in anhydrous DCM (100 mL), under a nitrogen atmosphere. The 

ol starling material. The solution was diluted with Et 2 0 (150 mL) and washed with phosphate buffer 0.5 M. P H 5.4 (2 
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15 



20 



25 



30 



x7 OmL,sa,a q ucou sN aHC0 3 <^ 

evaporation under reduced pressure to g.ve a vsoous coloudess o^( 9 6 ) ( g _ ^ ^ ^ ^ ^ 
6 1 .44 (s. 9H. CH 3 ), 1 .67 <m, 2H, K? 3 .26 (q 2H J- ^>*Jf J^y 5 28 . 4 (C H 3 ). 32.6 (C2'). 37.1 (C3'), 59.3 
1H J . 6.04, 5.87 Hz, OH), 5.18 (br. 1H, NH); ,3 C NMR (6 7 .8 MHZ ^ (100), 119(31), 102 (49), 83 (33), 

CV 79.4 (C^J. 157.1 ,00* WIS (E/l) ^ (rela.-ve '^^^f ^fl 175.1208; « (Nujol*) n: (envj 

Synthesis o, Methy. ^-(tert-butoxycarbonyDlaminopropy.oxy-a-methoxybenzoate (198) 
,0355, Aso,tiono,DEAD(18.3g.105.3m m o,)in^ 

1-propanol (196) (18.4 g, 105.3 mmol) « ^^^^S^an-t" and «» °* * e 

DEAD was added the reaction mature was allowed to , stir at torn . . ^^^^^onun^ wfciced 
reaction was moni.oredbyTLC (50% E.OAcVpet-elher J^^^^po and diethyl bydrazinedicarboxylate. 
sure and the residue was triturated with Et 2 0 (300 mL) ,to P^^«^^ aOH(150m i H^iax 150mL). brine 
which were removed by filtration. The ffltrate «^^^J under reduced pressure and the 
(2 x 150 ml) and dried over MgS0 4 . Excess solvent was removed V a soljd (30 g> 85 

rude product (198) was purified ^^TT^J^^^ <m 2H, H2'). 3.38 (dd, 2H, J- 5.68 
%). mp - 79-82 >C; 1 H-NMB (CDCI3, 27 C 9H, ««. | t ^ fi M (bf NH) , 6 8 6 

6.04 Hz HS). 3.90 (s, 3H, OCH 3ester ), 3 93 (s 3H. <• j 1 ■ 42 H m) . 13 C -NMR (CDCI3, 68.7 

(d 1H. J ^8.42 HZ..W). 7.55 (d, 1H, J = 1.83 Hz ^ ^.^^J^ 68 .1 (CI'), 78.9 ( Cqualer ), 1113 (06). 
MHz): 8 28.5 (C prtma ). 29.2 (G2T). 38.9 (tj 62.0 (OOW *■ ° 5 ^ 0 ). 166.8 (C-O); 66%* relative 
112.0 (C2). 122 P 84 (C al0ro ), 123.5 (06) 148 8 C^U^I <W. 156 , ^ ^ ^ ^^q,. ^ 

intensity): 339 (M*", 11), 266 (13), 182 (42), 1611 27) 102 (100), HRM ( > ^ ^ ^ 13?7 12?2 _ 

339 1682 obsd m/e 339.1733; IR (Nu|Ol°) ir. (cm ') 3362, 2920, «» 
1217, 1132, 1045, 1022, 872, 780, 762, 722. 

Synthesis of Methy. ^Aminopropyloxy-S-melhoxy^nltrobenzoate (199) 

[0356] Thee,er198(4.0 g .11.8mmo,)wasadded^^ 
l g ol substrain a, room temperature and the reachor, was avowed to s 0^ ^ ^ ^ g o( fce(J wate 

revealed .he complete loss of starting ma.enal. ^^^"^uum filtration and washed with small amount 
was added, predpitating tho produci The precrpaa^s^ 

o, iced water. The filtrate was cooled and a second crop ^JJJJ^ 19g as „ yell0 w solid, wh,ch was 

with bed water. The combined precipitate was dned » vacuo" p ° v ^ c ° £ 1Q3 „ C; ih-NMR (COCiy 

no, purified further, but used directly in the «*^«*J s 3H OcS e J). 3.98 (s, 3H, OCH^), 4.24 (t, 
DMK>-4. 270 MHz): 6 2.31 (m, 2H, M% MO br, 2H, 3 96 , (s. * «£W 68.7 MHz) : 8 26.5 (021 

2H, J = 5.95 Hz, HI'), 7.11 (s, 1 H, HB)£49 (s ,H «9,8i (S . 3H JJH ^ ^ ^ 3 

284.1018; IR (Nu]0l 6 ) n: (cm ') 3472, 23J/, «i ■ - ^ OJJ » 
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40 



812 792,7/3,756.724, 646. 

Synth e Ste o,MethyM^^^ 

l03571 A solution o, 193 (3.9 , 11, mmo.) and ^^^^^^^ 
mL H2O) was heated at reflux for 90 minutes. At wh,ch t.me TLC ced ure and .he con- 

consumplion of starting materia,. Excess MeOH was '^^^Z lcnc. HC, diluted with THE (100 mL) 
centrate diluted wi.h H z O (20 mL). The ^JX^£^** 9 ' Fluorenylmethylchloroformate (^0 
and sodium carbonate (2.9 g, 27.9 mmo.) ^^JS^SLon and the reaction mix.ure was allowed o 
a 11 6 mmol) was added portionw.se over 30 m.nutos to the base ^ ^ mn was 

r for 12 hours. Excess THE was removed by '^^ZX^^ a " d M by " Pr ° dUC,S ' ^ 
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3H. 0CH 3 ), 4.08-4.23 (m. 3H. HV + Fmoc CH,, 4 49 <d. 2H. J -J M1 . Fm ^ p ^ (s 

7.26-7.41 (m, 5H. Fmoc ory , + W). 759 d, 2H = £51 Hz ^ 56 4 ( 0CH ,). 66.3 (CH 2 Fmoc), 

1H. C0 2 H): 13 C-NN1R (CDCI 3 , 68.7 MHz). 5 9.B 3 1.1 (C3 ), 47 ^ 137.0 (C aro J, 141 3 

68.5 <CV), 107.9(C3). 111.1 (06), 120.0 124.9 127.1 and 127 7 ( CH Fmoc >■ {FAB) ^(mlaOv. 

(C Fmoc ary1 ). 143.8 (C Fmoc a ^) 14*2 ^ 154.7 ^^f . 8 ^C ) ^ ^ ^ _ g3 (tJJ) . HRMS 



(FAB) exacl mass - ..„ ... 

1463, 1377, 1277, 1219, 1081,970,762, 722,656. 



Synthesis o, (25)- W N*^^ 
pyrrolidine-2-methanol (201) 

W Acata.yticamou.o.DMF^^^^^ 

and oxaiyl chloride (2.3 g. 17.9 mmol) in anhydrous DCM (120 mL) at roo* e P (0 0 „ c {jce/ace , 0 ne) 

The reaction mixture was stirred .or 1 6 hours '^^^9 ^^ and DIPEA (4.6 g, 35.77 mmol) in 
under a nitrogen atmosphere. A solution of W""" 1 ™^ atfdltlon was complete, the reaction mixture 

anhydrous DCM (40 mL) was added dropwise over 3C ^ 2 hours , at whicn time TLC (95% EtOAc/ 

was aHowed to warm to room temperature. Shrrmg wa ^^J^f , N H CI (2 x 100 mL), H 2 G (2 x 

MeOH) revealed complete reaction. The ie ^ ,0 " m,XtU ;X Jw a s removed by evaporation under reduced pressure 
100 i brine (100 mL), and dried over MgSO Excess "^^^J^^ (99%C HCVNeOH)a«or«led 
toaffordthecrudecompoundasabrowno... ^^"^f^^mp = 78-81 °C; 'h-MMH (CDCI 3 , 270 MHz): 5 
201 as a beige solid (5.6 g, 82%). l-fb-** lj ; 1 ££ ^ (m , 2H , H5 . 3.81 (s, 3H, OCH,), 3.86-3.91 
1 .89-1 .88 (m, 4H. H4 ► H3), 2 04-2 2 m, 2H U* ), 3.16 m WW) ^ 565 (br , 1 „, NH), 6.78 (s, 




3a 



35 



66^^ 

179 (100ri65 (25), 102 (33); HRMS (FAB) exact mass calcd^for ^^(M ^ ^ ^ ^ 

576.2257; IR (Nujol*) n: (cm ') 2626. 1714, 1615, 1576, 1520, 1452, 
759, 742. 

Synthesis of ^^(N^uoreny.methoxycarbonyOamino p.py.oxy-S-melhoxy^mlnoben.oy., 
pyrrolidine-2-methanol (202) 

n and SnClo/2H->0 (10 2 g 45.4 mmol) in MeOH (100 
[0359] A mixture of the nitro compound 201 (5.5 g, 9.5 mmol) c ra5 %CHCWMeOH). After 2 hours excess 

mL)was heated atreflux and theprogresso. the rea^onm^ 

MeOH was removed by evaporation under '^J^^^S^ wln EtOAc (170 mL) and aher 16 hours 
hily with sat. aqueous NaBC0 3 (1 70 mL). The react J« as d (hrough Celile . The organic layer was 
stirring a. room temperature the inorgan.c precrp.ta te J^^J^^J*, vac uo to give a brown so.icL 
separated, washed with brine (150 mL), dned over MgQ^^ d Jpu» am^ 202 as a greyish^ »W 
Purification by Hash column chromatography (95% CHC '^^ } ™ ' 270 MH z): 5 1 .66-1 .85 (m. 4H. H4 + 
(4.3 9, 82%). [«P» 0 = -78.6- (c = 1 .02, CHCgj mp = 83-86 iC HNMR (CDC 3 I 

H3) 2 00-2.04 (m, 2H, 3.43-3.45 (m 2H, «). ^ 3.49 3.58 ^^'^^ (m , 3H , H2 + Fmoc CH,). 5.92 
CH, -OH), 4.04 (I, 2H. J= 5.58 Hz. HI'), 4 22 (t, 1H. J - 6_B6 Hz, Fmoc Wfl ? ^ Hz Fm ), 

(br 2 1 H. NH), 6.23 (s. 1 H, H3 arom ), 6.71 (S, 1 KHJJ. 7.2 7-7.41 (m • ^ 39 5 (c3>) , 473 

7.75 (d. 2H, J« 7.33 Hz, Fmoc ory1 ) 1 1»C-HMR ^ " 7 ^ ) M "^, pLc). 68.0 (Cn, 102.0 (C3 aro J, 111.6 
(CH Fmoc), 51 .0 (C5). 56.6 (OCH 3 ). 60.4 <C2). 61.1 (CH£ H ), 66.4 CH 2 L^ ^ 144.0 (C 

C6 J 120.0, 125.1, 127.0 and 127.7 (CH Fmoc ,)■ 1 28 °. ofC-O VMS (FAB) m/z (relative intensity): 
Fmoc^ ), 148.2 (C aronl ), 150.8 (Ca,^), IS^^tNC^^^maie). 171 cwmI mass ca.cd lor C 31 H 37 N 3 0 6 

StSSKK^^^^^ ~ 1228 ' 1173 
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20 



Synthesis of pS>IH****»«"*^^ 

,0360, A so.u«on o, the amine 202 (1, 9 . 2.0 mmol) in ^^^ e ^ToZ fSLS 
treated with pyridine (0.33 ml, 0.3 g, 4.1 mmol). A solution ot tncnior e y . 

nixture was allowed to warm 

in DCM (10 mL) was added dropwisc over 30 minutes to | ^ j^Q^ reve aled complete loss of starting 

,o room temperature and stirred tor a turther 3 hours a «I™ T ^ 50 mL), brine (50 mL), dried over 

materia,. The reaction mixture was washe^ 

MgS0 4 .filteredandevaporat«J/n vacuo. ^^~* e ^^„h l774%) [al» 0 =-35.7« ( C = 0.87,CHCI 3 ); 
MeOH) to afford the pure tnchloroethyKarbamate 03 as a brown sohd ( r 1ft » J. N o ^ ^ M 

(m . 4H, K3' + (-6). 3 72 (s, 3H, OCh 3 ), 3.81-3.90 (m. 2H CHB OH), 4.14 2 I , ^ ^ Fmoc 

3H, Fmoc CH, ♦ HZ), 4.76 (d, 1H. J- 12.00 Hz, Troc C H,) 4 _K (d, 1H J- £° „ ? 6 | „ m ), 775 
NH),6.82 (.. 1H. H6 ). 7 ^ MHZ): 5 25.0 (04), 28.2 <C3), 28 9 

(d, 2H, J- 7.51 HZ, Fmoc oryl ). 9 06 l br s - 1H ' , J^,' . ,"^», fiB r (CH2-OH) 66.3 (CH 2 Fmoc). 68.2 CI'). 
(C2'). 39.5 ,C3'), 47.3 (OH Fmoc), 51.41 (05) 56.1 OCH^ bOJ ■ «M (CK £0. J 2 m? 
74.4 (CH 2 Tree), 95.3 (C qual ), 105.6 (C3 >. 110.7 (C6 ), 120 ^ (NC= o cart)a I e Troc), 156.5 

(C ) 141 3 (C anrt Fmoc), 144.0 (C a(y1 Fmoc), 144.5 <C aro J, 150.0 (<W> a V cajbam,. 
l°arom». a«yi ' \ • ms (FAB1 ai// (relat ve ntensily): 720 (M ot v '■ 

(NC=O calbamate Frnoc), 170.4 W>°°m»J .W (FAB m«l 14M , 1378 , 1215.1170. 1119. 

(100), 166 (13), 102 (48), 70 (10), IR (Nujol*) n: (cm ') 3338. 1742, W", 



1024,817, 759,740. 
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MM DCM ,6.6 mL) was trans, erred - ^ » ' "^S^m 2.0 -) was transferred to the 

under a nitrogen atmosphere. Oxaty. chlonde (IX) mL of a 2 Ms u mL , 0 . 3 g , 3 .9 mmol) n 

reaction vessel, followed by the dropw.se add.t.on over 30 minutes o W mmo|) dissolved jn 

dry DCM (4.2 mL). After stirring at -45»C for 30 Routes a srfuttono th atoohol 203 ( 9. ^ ^ ^ ^ ^ 
DCM (6.6 mL) was added dropwise ^J^^^T^ mmol) in dry DCM (4 .2 mL) over 30 
minutes, the mixture was then ^^^^^^^m consumption of starling material. The' 
minutes at -45-C After 35 m.nutes, TLC (97 ^HCiyMeOH) revea P ^ 1 N HQ so)u , |on 

reaction mixture was allowed to warm to room temperatu ^d.luted w.m u t , Purjlication by „ash column 
(30 mL), H 2 0 ,30 mL), brine (40 mL), dried as a brown solid (0.48 g. 78%). l«P D 

chromatography (97%CHC^MeOH)^n B hed,hepr «^<%%$^™*„ (m , 6H . H2 + «?+ HI). 3.43-3.60 
■.^^(c-0.8S.CHCW;iiip-78-WC;^««g^^»^« * . FmocCH + iHTrocCH,), 

(m, 3H, H3' + Htl.). 3.66-3.73 (m. 2H KJ ,f t ' ^ Jl) T.i (d, 1H, J» 9.71 Hz. H11), 5.87 (br, 
4.44 (d, 2H, J= 6.78 Hz, Fmoc CH 2 ), 5.25 (d. 1H, J = 12.00 Hz Tree Cry o.KM . g d 2H j = 7 51 

1H. N* 6.82 (s, 1H, H6). 7.23-7.41 (m, W » ♦ Frn« ,) , 7.61 d 2 H. ^.3^H £ ^ ^ Fmoc) 
Hz, Fmoc 8ry) ) ; 13 C-NMR (CDC. 3 . 68 7 MHz )62M * . » J CT) 2M C2) I ^ ^ ^ ^ 

56.0 (OCH3), 60.0 (C11a), 66.4 (CH 2 Fmoc), 68.3 (CI ) 74.9 (CH 2 1 oc), , , l4U ( c a(y1 

(OB). 120.0, 125.1. 127.0 and 127.7 (C-H ary1 Fmoc), ' 2SS ^-lf^ om> - , F mo6) 167.0 (04^) ; MS 
« Uc). 148.8 (O , I^IMJ ^^^J^^STto (15). IR ««** n: (cm-, 
S S^SS^lSS^JS: .377 ( . 121V 1034, 908. 723, 645. 

50 pyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (205) 

[0 3S 21 VeHow,ad (I ,)o,ide(500m,2,4mmo,)w r i SS o n din50.^ 

'added slowly to a vigorously stirred suspend of "^^^^^p care.uUy. Af.er^O minutes, the 
cadmium darkened as lead deposited on ^^^^^^ Jvscuo. The lumps were crushed 
55 solid couple was tillered under vacuum., washed wrth H 2 0 and aceione a 

and stored in a closed vial. d ■ one pomo n to a solution of the 
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temperature. The reaction mixture was stirred for 4 hours, during which time the reaction mixture became cloudy and 
opaque with a fluffy white precipitate. When reaction was complete as indicated by TLC (95% CHCtyMeOH), the solids 
were removed by filtration through Ceiite : and the THF removed by evaporation under reduced pressure. The filter 
cake was washed with several aliquots of EtOAc. The aqueous layer was extracted with EtOAc (3x15 mL), and the 
organic phase was dried over MgS0 4 , filtered and evaporated in vacuo. Purification by flash column chromatography 
(97% CBCIjj/MeOH) furnished the target compound 205 as a brown solid (0.47 g, 90%) which was repeatedly evapo- 
rated in vacuo with CHC1 3 in order to obtain the N10-C11 imine form of the compound, [o^q = h385.1° (c = 0.47, 
CHCI 3 ); mp - 73-76°C; *H-NMR (CDCI 3 , 270 MHz): 5 2.04-2.06 (m, 4K HI +H1), 2.27-2.29 (m, 2H, H2'), 3.45-3.47 
(m, 2H, H3% 3.67-3.73 (m, 2H, fV3), 3.80 (s, 3H, OCH 3 )), 3.84-4.23 (m ? 4H : H11a -1 HI' +■ Fmoc CH), 4.43-4.46 (m, 
2H, Fmoc CH 2 ), 5.92 (br, 1 H, NH), 5.82 (s. 1 H t H6), 7.29-7.41 (m, 4H, Fmoc afy1 ), 7.5 (s, 1 H. H9), 7.61 (d, 2H, J= 7.14 
Hz. Fmoc ary1 ), 7.67 {d, 1H, J = 4.40 Hz, H11 Mne ). 7.75 (d, 2H, J = 7.33 Hz, Fmoc ary1 ); 13 C-NMR (CDCI3, 68.7 MHz): 
5 22.3 (C2). 29.3 (CI), 29 6 (C2 , ) ! 39.6 (C3% 46.7 (C3), 47.4 (CH Fmoc), 537 (OCH 3 ), 56.0 (C11a), 66.3 (CH 2 Fmoc), 
68.3(01'), 110.2 j CS), 111.4 (C9), 120.0 (C-H ary1 Fmoc), 120.5 (C arom ), 125.1, 127.0, and 127.7 (C-H ary1 Fmoc), 140.6 
(C arom ), 141.3 (C 9ry1 Fmoc), 144.0 (C ary1 Fmoc), 147.7 (C arom ), 150.3 (C ar0 J, 156.6 (NC=O carbamate ), 162.5 (C11), 
164.5 (C4 amide ) ; MS (FAB) (relative intensity): 526 (M + " + 1, 15), 348 (7), 330 (4) : 304 (4), 247 (12), 191 (15), 179 
(100), 165 (17), 102 (40), 91 (10), 70 (13); HRMS (FAB) exact mass calcd for C 31 H 32 N 3 0 5 (M+H) m/e 526.2264 obsd 
m/e 526.2198; IR (Nujol 6 ) n: (cm' 1 ) 3327, 1729, 1690, 1601, 1509. 1427, 1261, 1217, 1023, 759 : 740, 699. 

Examples 5 to 8 : Cytotoxicity Data 

NCI In Vitro Cytotoxicity Studies 

[0364J The National Cancer Institute (NCI), Bethesda, Maryland, USA has available an in vitro cytotoxicity screen 
which consists of approximately 60 human tumour coll lines against which compounds are tested at a minimum of five 
concentrations each differing 10-fold. A 48 hour continuous exposure protocol is used, where cell viability or growth is 
estimated with an SRB protein assay. 

Method 

[0365] The test compounds were evaluated against approximately 60 human tumour cell lines. The NCI screening 
procedures were described in detail by Monks and co-workers (Monks, A et al, Journal of the National Cancer Institute, 
1 991 , 83. 757). Briefly, cell suspensions were diluted according to the particular cell type and the expected target cell 
density (5000-40,000 cells per well based on cell growth characteristics), and added by pipette (100 \±) into 96-well 
microtitre plates. The cells were allowed a preincubation period of 24 hours at 37°C for stabilisation. Dilutions at twice 
the intended test concentration were added at time zero in 100 u.L aliquots to the wells. The test compounds were 
evaluated at five 1 0-fold dilutions (1 0 4 , 1 0 5 , 1 0" 6 , 1 0 7 and 1 fr 8 uM). The test compounds were incubated for 48 hours 
in 5% C0 2 atmosphere and 100% humidity. The cells were then assayed using the sulphorhodamine B assay. A plate 
reader was used to read the optical densities and a microcomputer processed the readings into LC^ values, which is 
the dosage required to kill half of the cells. 

[0366) The results presented in examples 5 to 8 are LC 50 values which are below 10u.M, which is taken to be the 
dividing line between cytotoxicity and non-cytotoxicity. 

NCI Hollow Fibre Assay for Preliminary in Vivo Testing 

[0367} The Biological testing Branch of the Developmental Therapeutics Program of the NCI has adopted a prelim- 
inary in vivo screening tool for assessing the potential anticancer activity of compounds identified by the large scale in 
vitro cell screen. For these assays, human tumour cells are cultivated in polyvinylidene (PVDF) hollow fibres, and a 
sample of each cell line is implanted into each of two physiologic compartments (intraperitoneal and subcutaneaous) 
in mice. Each test mouse received a total of 6 fibres (3 intraperitoneal^ and 3 subcutaneously) representing 3 distinct 
cancer cell lines. These mice are treated with potential antitumour compounds at each of 2 test doses by the intraperi- 
toneal route using a QD x 4 treatment schedule. Vehicle controls consist of 6 mice receiving Ihe compound diluent 
only. The fibre cultures are collected on the day following the last day of treatment. To assess anticancer effects, the 
viable cell mass is determined for each of the cell lines using a formazyn dyo (MTT) conversion assay. From this, the 
%T/C can be calculated using the average optical density of compound treated samples divided by the average optical; 
density of the vehicle controls. In addition, the net increase in cell mass can be determined lor each sample, as a 
sample of fibre cultures are assessed for viable cell mass on the day of implantation into mice. Thus, the cytostatic 
and cytocidal capacities of the test compound can be assessed. 

[0368] Generally, each compound is tested against a minimum ol 1 2 human cancer cell lines. This represents a total 
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doses against each of the cell lines w.th separate value s cateu'atej >™™ J ft models on the basts 

[0369] Compounds are se.ected for lurlher ,n mo test-ng . " ^rt^ sjble ^ combinaljons 

o, several hollow fibre assay criteria. These ,nc ode: ^ a /.T/C rfSOor ^ drug/subC utaneous cuhure) in 

(12 cell lines X 2 sites X 2 compound doses); (2) act v, y a t a J P morg ^ ^ ^ ^ jn e|thef jrnp)anl 

a minimum o. 4 of .he 24 possible combmatens. . nd/or Wjjrtort k. ^ ^ ^ q( g giycn 

site. To simplify evaluation, a points system has b ^^,J2»3Sh results in a 50% or greater reduction in 
compound. For this, a value ot 2 is ass.gned tor each impound dos^whtc ^ ^ cgn 

viable cell mass. The intraperitoneal and ^™™^ C * Tot 8 or a net cell kill of one or more cell 

without the compound meeting these criteria, 
NCI Human Xenograft Studies 

^ These „ o*<. «. » »* mhvn* n,,oe «,» , *f« «^T« I » 
of the compound, the amount ot tumour growth, and the InhMnn of growth. 



Example 5 : In Vitro Cytotoxicity of compounds of formuta] 



25 



30 



35 



40 



45 



50 



results (LC^.uM) are set out below, and are illustrated in F.gure 29. 



TUMOUR TYPE I CELL-LINE DESIGNATION 



Lung 



Colon 



NCI-H23 



NC1-H460 
NC1-H522 



UP2003(24) I UP2051 (31)J_^^^ 



LC 50 (jiM) 



7.6 



COLO 205 
HCC-2998 



1.4 



5.2 



HCT-116 



KM12 



CNS 



Melanoma 



SNB-75 



Renal 



MALME-3M 



9.5 



6.0 



93 



5.2 



M14 



SK-MEL-2 



UACC-52 



786-0 



0.7 



0.7 



RXF 393 



Breast 



MDA-MB-435 



5.1 



7.6 



0.8 



3.0 



3.1 



0.8 



1.1 



4.0 



2.7 



0.5 



3.0 



4.7 



3.5 



0.8 



[03721 OUhecompoundstested^^ 

Lnd breast cancer cel, lines. Replacing the C-8 be nzylo)^ group ,n UP20 03 (24£ ^ ^ ^ ^ 

42) significantly changed the cytoxicity prof de. aetwrty was lost aga ntf ung C . ^ 
reduced activity against Colo 205 remained). Howeve, -^^JESSS" line^ MDA-MB-435. 
cell lines SKMEL-2 and MALME-3M, the renal cell l.ne RXF-393 and 
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hag cance. O lino NCM60 and inn colon edl M HCC-2998. 78M Merest.*, 

0.5 uM for UP2052 in the melanoma SK-MEL-2 cell line. 



TO 



15 



Examp le 6(al : In Vitro Cy totoxicity of compound^offomuij^ 

[03731 Some of the compounds synthesised in example 2, were su! 
results (LC 50 ;uM) are set out below, and are illustrated in Figure 30. 



.bjectedto the NCI In Vitro Cytotoxicity study. The 



TUMOUR 
TYPE 



25 



30 



Lung 



CELL-LINE 
DESIGNATION 



NCI-H23 



UP2064 (74) UP2001 (80) 



UP2004(70) UP2023(64) 



UP2067 (172) 



LC 50 (nM) 



NCI-H226 



Colon 



CNS 



Melanoma 



NCI-M460 
NCLH522 



COLO 205 



HCC-2998 



KM12 



SF-539 



SNB-75 



MALME-3M 



M14 



SK-MEL-2 



06 



0.9 



1.7 



SK-MEL-28 



26 



sK-IViEL-5 



UACC-257 



UACC-G2 



7.4 



0.6 



76 



2.7 



0099 



7.5 



0.073 



0.077 



3.9 



5.5 



9.1 



5.2 



5.8 



7.0 



5.0 



5.8 



7.1 



9.4 



7.8 



6.8 
5.4 



7.8 



7.4 



8.4 



6.0 



7.4 



0.8 



6.6 



7.3 



5.3 



7.2 



3.0 



55 



Renal 



RXF 393 



Breast 



MDA-MB-435 
MDA-N 



0.8 

2.3 



7.6 



0.8 



90 



6.6 



0.6 



[0374] OUheco.npounds.es^ 

CNS. Lancna. Rena, and Breast ce.l Hne P a ™£« pane,. The 

substituent (UP2004, 70) -or a methoxy group UP20M. 74 resuHs • no eased W ^ ^ 

memoxy analogue is more potent and acts aga.nst a , gn. ater ^number of ce I »nes^ y ^ 

improved activity against the colon cancer cell ne Colo » ) ' *™ * lne eiectron rich 

against the rena, ceU line RXF-393 which Is not J^J^J^^Sm — «— - activU * in »™ 
dimethoxy A-ring with an iodo substituted aromauc 5 9 me , a noma cel. lines against only 

cell lines, but the analogue showed active aga.nst ^J^^^ (rom an alke ne to a ketone (UP2067, 
3 lor the benzyloxy anatogue). Chang.ng the nature of the C-mgex unsa turaho ^ melanomas 

172) .eadtoaddntonalactivity against *« b ^^^^^^^Shm9«-«~NCI-H522- 
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Rum ple 6(b) : HoMnw Fibre Assay on Compou nds ot Formula U 





UP2001 (80) 


UP2004 (70) 


IP score 


40 


8 


SC score 


14 


10 


Total score 


54 


18 ! 


Cell Kill 


Y 


N 







20 



25 



sages ga ■ saags s '" 1 '"" - "■"p^aaia^ 1 

„ m ,„„ a „„ s „ UP2M 1 ««. pa*™- by «. B»lo,«,>T<,,«n, °> «- " cl » 
[0378] Human tumour xenograft studies on u«w 

described above. ^nnnraits (human mammary tumour), Ovcar-3 (human ovarian 

[0379) Athymic nude mice bearing MDA-MB-436 xenogratts (huma Y ^ Qf Q 67 (h , gh) 

Lour). UACC-62 (human meianoma) or 0 , 3 doses (6 mice per dose .eve. with 

0.45 (middle) and 0.3 (low) mg/kg/injoct.on given once every 4th day 

. « t.,« n nr nrAWfth 



20 controls). 



30 



35 



Tumour 


Toxicity 




%T/C 


%Grc 


>wth Dc 


»tay 


High 


Mid 


Low 


High 


Mid 


Low 


High 


Mid 


Low 


MDA-MB-435 


3/6 


1/6 


2/6 


toxic 


3 


3 


41 


41 


41 


OVCAR-3 


0/6 


0/6 


0/6 


7 


20 


46 


73 


73 


9 


UACC-62 


0/6 


0/6 


0/6 


22 


I 28 


67 


43 


43 


43 


OVCAR-5 


0 


0/6 


0/6 


52 


I 45 


I 38 


16 


28 


32 



40 



45 



50 



55 



1W ^^^^^^^^^^z^z^s^tz 

,03831 A gcod dose , es po„«, - ^" rid P»P*» « "» "*» M V *° 

high dose treated tumours were 22% o. the s.ze of »^°J^° 0 U u ' s l re67% ot the size ot the control tumours. 
28% ol me size ot the control tumours and at the low dose treated tumours w 

Again no mice died as a result ol exposure to , approximately 50% tumour size reduction 

[0386, Resultsformehumaoo^antumourOVC^ 

was observed and some growth detay was observed M eOW app 

ever again, mice died as a resull ot exposure to UP2001 (80). 
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F03871 UP2001 (80) was also eva.uated against the human CNS tumour SF-295. Athymic nude mice beaJ^SF- 
^ZZlZes of 0.40.0. 2 7 a nd0 9 18mg«<oby injection S iven intravenously once debtor a, ota. of 5 doses. 



Toxicity 


%T/C 


Tur 


nour Fr< 


?e 


High 


Med 


Low 


High 


Med 


I Low 


High 


Med 


Low 


2/6 


1/6 


2/6 


0% 


0% 


0% 


4/4 


5/5 


3/4 



surviving mice were tumour free on day 27 of the experiment. At ine lowe □ 
Example 7 : In Vitro Cytotoxicity of co mpounds of Formula 111 

10389] AH of the compounds synthesised in example 3, were subjected to the NCI In Vitro Cytotoxicity screen. The 
results (LCsoiuM) are set out below, and are illustrated in Figure 31 . 



30 



35 



40 



45 



55 



TUMOUR TYPE 



Lung 



Colon 



CNS 



CELL-LINE 
DESIGNATION 



NCMH522 



COLO 205 



UP2026 (136) 



UP2027 (138) 



UP2028 (151) 



UP2068 (96) 



LC^ImM) 



7.8 



8.8 



HCC-2998 



KM12 



SNB-75 



Melanoma 



MALME-3M 



LOX IMVI 



6.4 



8.0 



6.1 



M14 



SK-MEL-2 



SK-MEL-28 



SK-MEL-5 



Renal 
Breast 



UACC-257 



7.8 



7.4 



7.1 



9.0 



UACC-62 



RXF 393 
HS 578T 



MDA MB-435 



MDA-N 



7.7 



6.6 



9.5 



7.6 



6.3 



6.6 



0.8 



5.0 



8.8 



8.2 



5.7 



5.4 



8.1 



B.5 



8.3 



9 7 



6.5 



8.1 



9.6 



0.7 
9.2 



7.2 



6.3 



8.3 



6.3 



f 0390, TneC-T-phenylsubsti^^ 

LnUnoma. renal and panel, .nclu- 

CNS cell line panel. However, UP2026 (136) was active agauisi ' J ^.lectivitv as cvtoxicity was only observed 
sion o. a me.hoxy group in the C7 aryl moiety , 38) rested m ^^^^SSL^ of a ni.ro 
in the lung cel. line NCI-H522, the melanomacel. ne JSKMEL-2 ancMhe renal eel Ime HX ^ ^ 

group a, C7 completely abolished m ^o e * ie a ^prodrug with poten.ia. use in 

nilro group is reduced to an am,ne; rn th,s way UP2029 ("°> ° , 51) showed good activity in the lung, colon, 

'^^^^^^™'^^™^-*<™^ 

in the lung, melanoma, renal and breast ceil line panels. 
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Fyam pte 8 : In Vitro cytotoxicity of compo unds of Formula IV: 

[0381] The compounds synthesised in example 4. were subjected to the NCI In Vitro Cytotoxicity study. The results 
(LC 50 ;uM) are set out below, and are illustrated in Figure 32. 



w 



15 



20 



25 



30 



TUMOUR TYPE 


CELL-LINE DESKjNAIIUN 




UP2008 (167) 




LC^ 


HM) 


Lung 


NCI-H23 




8.9 




NCI-H522 


8.7 




Colon 


HCC-2998 




8.1 


CNS 


SF-295 


8.8 






SF-539 


7.7 




Melanoma 


MALME-3M 


7.5 


6.8 




LOX IMVI 


9.2 






M14 


6.2 


8.4 




SK-MEL-2 


7.6 


6.5 




SK-MEL-28 


6.5 






UACC-257 




] 7.1 


Renal 


RXF 393 


6.8 



,039*, Two of the .our C8 PBO amides. UP200S 

NO assay. UP2O05 (161) showed selectivity forthe «ung, CNS, .'"*^"^^^^ oeBlng .. U p aW 

was particularly active in the melanoma panel. 

Example 9: Further results for PB " djmer SJS-136 OJP2001. 80) 

[0393, The compound synthesized in examp.e 2(d) (SJG-136. ^g^S^^TSS. which » incor- 
0394] The first assay, which is described in G.B.Jones, e a '^"^ 

compound (i.e. a measure o. .he stabilisation of the DN A upon Jj* where the ca „ tnym us ONA 

(0395, The melting temperature was butter (10 mM l^Kate + 1 mM EDTA, pH 7.00 * 

oT F rs^ 

"Tl*^^^^ 

thymus DNA by an unprecedented 33.6°C alter incubation tor 18 hours at 37 u. unae 
unsubstituted dlmer DSB-120: 



50 




DSB-120 



pmvidesa A r m oM,rC,demonst,a,in^ 

other PBO dimers. 80 exerts most of its effect upon the GC-r.ch or high temperature reg.on 
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, hehi „„ , n n<5R 1 20 it orovides some 60-80% of its stabilising effect without prior incubation, suggesting 

alone. SJG-136 is > 10-fold more effective than DSB-120. Even at a I P m °ta « 1 • 

exhibits significantly better DNA binding affinity than the monomer tomaymyctn at a 1 .5 [PBD][DNA] motar 



JO 




mo' 



[0397] The results for a [PBD].[DNA] ratio of 1 :5 are summarised in the tab.e below (At. A Tim values * 0.1 -0.2'C) 



30 



35 



40 



Compound 


Induced AT m (°C) after incubation at 37°C for 


Oh 


4h 


18h 


SJG-136 (80) 


25.7 


31.9 


33.6 


DSB-1 20 


10.2 


13.1 


15.1 


Tomamycin 


0.97 


2.38 


2.56 



[0398, Theda,aprcsen.edinth e above,ab.eshow,ha,SJG-136(80) i8 «hemos,po,entDNA-s,abi,isinga g ent k nown 
indLsptatin-^^ 

;rr;ntr^^ 

tA J ^iT^ wire obtained by incubating the eel, with the compounds for 96 hours at 3.0, and a, 
Using the cell number using Su.forhodamine B, are presented ,n the table below. 





ICgo 3 UlM) for 


A2780 


A2780cis R 


RF b 


SJG-136 (80) 


0.000023 


0.000024 


1.1 


DSB-120 


0.0072 


0.21 


29.2 


Cisptatin 


0.265 


8.4 


32 



50 



55 



a Dose of compounds required to inhibit cell growth by 50% compared with control 
b RF is the resistance factor (IC50 resistant/parent) 

potential in the treatment of cisplatin-refractory disease. 
Example 10: Ovarian Carcinoma Cytoto xicity Assay 
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• a a r m/rnif isR IcisR denotes thai the cell line is resistant to cisplatin). 
investigatedwereSKOV-3. A2780/A2780c,sR ^ C Hi/CH1c * R( ^" % 6 ° well microWre p ,ates and allowed to attach 
10403] Single viable ce.te were seeded m ^^^jJ^concenUatton.) immediately prior to adding 
overnight. The PBDs were then d.ssolved ,n DMSO (to g ™ »^ 9 ed from 1 00 ^ l0 2 . 5 nM as follows: 
,o the cells in quadruplicate wells. The final dru A £J J growth medium and then 40 pi added to the 

100 25. 1 0. 2.5, 1 uM, 250. 100, 25. 10. 2.5 nM (drugs wan dilutee ng ^ ^ removed and 

existing well vo.ume o. 160 pi to give final concentrate as above ^ e 96 es Thfi we|(s were then was hed 
*> remaining c«s Oxed by exposure to 1£ «* ^^ X^^^ ° ^ " ? 

3-4 times with tap water, air dned overn.gh. an d J were washed 3 . 4 limes wlth 1% acet-c 

acetic acid. Stainingwas '^^^^.^J^^iZ^ then shaken and absorbance readings at 
acid, air dried and then added to ™^^*™^2o-P,o software package, the IC 50 values were cal- 
540 nm were detecmined us.ng a plate reader. By usm th U^' unlrea(ed wel)s) 

culated from plots of concentration versus percentage absorbance (comp 

(a) Compounds o! Formula I 
[0404] 



20 



25 



30 



35 



40 





IC 50 UiM) 






Compound 


A2780 


A2780cisR 


CH1 


CHIcisrT 


Skov3 


Anthramycin 


0.155 


0.16 


0.062 


0.05 


0.16 


UP2003 (24) 


0.0145 


0.12 


0.016 


0,04 


0.012 


UP2051 (31) 


0.1 


0.27 


0.105 


0 16 


0.46 


UP2052 (33) 


0.07 


0.105 


0.09 


0.037 


0105 


UP2053 (56) 


0.0054 


0.05B 


00115 


* 0.011 


0.1 


UP2065 (42) 


0.36 


0.46 


0.115 


0.15 


0.45 


UP2074 (10) 


0.155 


0.43 


0.105 


0.27 


0.52 


UP2089(177) 


0.0022 


0.0042 


<0.0025 


0.0O23 


0.0054 


UP2092(179) 


0.004 


0.007 


0.0016 


0.0082 


0.0098 


UP2095(181) 


<0.05 


J <0.05 


<0.05 


<0.O5 


<0.05 



l0 405] The most potent members of this group of ™™°^pVo95 (181) . Without wishing to be bound by theory, 
at the 2 position ol the PBD: UP2089 (177), UP2 °f 2 < 1 ^^ d ,o the p esence of conjugated endo-exo unsaturate 



eneuia. urtvu^v w - . 

also possesses conjugated endo exo . m cc „ replication and thus generally show high cyto- 

10406] PBD dimers are able to cross-l.nk DMA and = " , en , activity in these ovanan cell 

oxicity.The P BDdimerUP2053.whichpossesses ^^T^^ as , he monomers UP2089 and 2092. 
nes . The dimer is markedly more cytotoxic than '^^^S^t »^ unsaturate, these mo.ecu.es 

anthramycin against these ovarian tumour cell lines. 



55 



97 



EP 1 193 270 A2 



(b) compounds of Formula If 
[04081 



Anthramycin^ 
UP20Q1 (80} 
UP2Q04 (7oT 
UP2023 (6?T 
UP2064 (74) 
UP2067 (172*) 
UP2100 (207) 



0 .000023 



<0.05 



A2780cisR 



0 .000024 



0.066 



<0.05 



[04091 Compound UP21 00 (207) has the structural; formula: 



25 




30 



and was synlhesised by the same route as compound I m he ovarian tumour C etl tine panel. 

zi^:rr^T^szzr::~:^ ~~ - - - - — 

UP2001 is markedly more potent ^ U ^°"„ h(bi , ood actlvity against the ovarian tumour cell lines 

UP2004 (70), which contains two alkoxy groups at the 7 and 8 poswio.- 
(c) Compounds of Formula Hi 
[04121 



40 



50 
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IC 50 /^M 






Compound 


A2780 


A2780cisR 


cm 


CHIcisB 


Skov3 


UP2O20 (90) 


10 


7.2 


1.7 


2.8 


1.6 


UP2021 (130) 


>100 


>100 


51 


47 


>100 


UP2022 (143) 




16.5 


14 


11 


33 


UP2024 (101) 


1.4 


1.8 


1.45 


1.25 


2.35 


UP2025 (106) 


0.064 


0.155 


0.082 


on 


1.7 


UP2026(136) 


1.15 


3.7 


1.5 


1.45 


4.9 


UP2027 (138) 


0.56 


1.55 


1.35 


1.15 


1.7 


UP2029(140) 


34.5 


32 


225 


14 


1.4 


UP2066 (113) 


11 


12 


3.8 


7.4 


15 


UP2068 (96) 


0.47 


0.66 


0.52 


0.42 
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Compound 


A2780 


A2780cisR CH1 


CHIcisR 


SK0V3 


UP2086 (120) 


0.84 


0.45 I 1-6 


2.2 


2.5 



[0413 , UP2025 is the most potent monomer with J^^JJl^JSS^ - ^ 
Lome compounds wKh 3 electron ^^SS^^^^ «** in thS ° Varian lUm ° Ur ? ^ 
l0414l Tnesimple^ 

(d) Compounds of Formula IV 
[0415] 



25 
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Compound 


A2780 


A2780cisR 


CH1 


CHIcisR 


Skov3 


UP2005 (161) 


1.5 


4.3 


1.4 


1.85 


5.4 


UP2006(163) 


3.2 


14.5 


4.9 


7.9 


23.5 


UP2007 (165) 


1.55 


4.9 ' 


1.5 


3.0 


5.8 


UP2008 (167) 


0.23 


0.94 


0.24 


0.42 


1.45 


UP2088 (205) 


11 


8.5 


I 12 


16 


14 



30 Claims 

1 A compound of the formula: 
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OMe Me °' 
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wherein p is 3 to 5. 

a c 1 v«Prooano-1 3-diyl)dioxy]bis[(11aS)-7-methoxy- 

caliy acceptable carrier or diluent. 
4 Th. US 40,.c.™.»nd«co,* 3 » e .-.-d,»1 „,=,.»,2*.n, el »o a .,mo™»». 

based disease. 

viral, parasitic or bacterial infection. 
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7. A process for preparing a compound according lo either claim 1 or claim 2. 
of cisplatin-retactory disease. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6a 
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Figure 6b 
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Figure 7 
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Figure 8 
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74 (MMY-SJG, UP2064) 



Figure 9 
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Figure 10 
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Figure ] 1 
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Figure 12a 
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Figure 13 
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. Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 1 8 
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Figure 20 
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Figure 22 
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Figure 24 
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Figure 23 
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Figure 24 
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Figure 25 
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Figure 27 
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(ta) 



Ri ° Vr 2 



(lb) 



CO 
< 

o 

CM 

CO 
0> 



CL 
UJ 



wherein: 

A is CH 2 , or a single bond; 

R, is selected from: R. OH. OR, C0 2 H. CO a R, COH, COR, S0 2 R, CN; 

r! R 7 and Ro arc independently selected from H, R : OH, OR : halo, amino, NHR. n.lro, Me^n. 
Sd i is sheeted from H, R. OH. OR, ha.o, amino, NHR, nitro, M e 3 Sn, where R .s as defmed above, or the 
compound is a dimer with each monomer being .he same or different and being of ormula la or lb jhero *e H 
groups of the monomers form together a bridge having the formula -X-R-X- ..nkmg the mon ™;* h ^ R ™ 
a,ky,Lchaincon, a iningfrom3to12carbona,om S .which chain may be interrupted 

and/or aromatic rings and may contain one or more carbon-carbon double or tnple bonds, and each X * .ndepend 

ently selected from O, S, or N; 
exceptthatinacompoundof formula .awhen Aisasingfebond.thenR, is not CH=CH(CONH 2 ) orCH=CH(CONMc s ). 
Other related compounds are also disclosed. 
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